Clemson  University 


3  1604  013  597  036 


Jill 

oNlllli 


Digitized  by  the  Internet  Archive 
in  2013 


http://archive.org/details/occasionalpapers14sout 


jf, *.**■■'**£ 


'    hH 


OCCASIONAL    PAPER    143 


-j  - 


CONTROL   OF  WOODY   WEEDS: 

OME  PHYSIOLOGICAL  ASPEC 


.'SSBy'^ 


Southern    Forest  Experiment  Station 

Philip  A.  Briegleb,  Director 

\   FOREST    SERVICE,   U.  S.  DEPT.  OF  AGRICULTUR 


ACKNOWLEDGEMENT 


The  cooperation  and  support  of  the  Florida  Board  of  Forestry  made 
this  paper  possible.  The  author  also  wishes  to  thank  Dr.  C.  E. 
Olmstead  and  Dr.  W.  J.  Mcllrath  of  the  Botany  Department,  Uni- 
versity of  Chicago,  for  their  critical  review  of  a  preliminary  draft 
of  the  manuscript. 


CONTENTS 

Page 

Reserve  carbohydrates  of  roots 2 

Woody  plants 3 

Herbs 7 

Grasses    9 

Diurnal  variations  in  carbohydrates 12 

Carbohydrate-nitrogen  balance 12 

Weed  control  with  growth  regulators 14 

Reactions  of  plants  to  treatment  with  growth  regulators     .  15 

Factors  affecting  growth-regulator  activity 16 

Effects  of  growth  regulators  on  reserve  starch      ....  18 

Effects  of  growth  regulators  on  respiration 19 

Translocation  of  growth  regulators  in  plants 20 

Seasonal  effects  of  growth  regulators 21 

Adjuvants  used  with  growth  regulators  .......  22 

Conclusions 24 

Literature  cited 26 


"In    June    and   in  August,     as    well    doth   appeere, 
Is  best  to  mowe  brakes,  of  all  times  in  the  yeere.  " 


Five  Hundred  Pointes  of  Good  Husbandrie 

Thomas  Tusser,    1557 


11 


CONTROL  OF  WOODY  WEEDS: 
SOME  PHYSIOLOGICAL  ASPECTS 

Frank  W.    Woods 
Southern  Forest  Experiment  Station 


Recent  advances  in  the  knowledge  of  basic  physiological  proc- 
esses, coupled  with  the  discovery  of  the  growth-regulator  type  of  phy- 
tocides,  have  stimulated  tremendous  interest  and  work  in  methods  of 
controlling  weed  plants.  New  advances  are  being  made  so  rapidly  that 
it  is  difficult  for  foresters  to  keep  abreast  of  developments. 

It  seems  desirable,  therefore,  to  bring  together  some  of  the 
fundamental  concepts  of  plant  physiology  as  related  to  weed  control. 
The  field  worker  familiar  with  basic  physiological  processes  can  make 
most  effective  use  of  available  tools  and  methodology.  An  understand- 
ing of  the  natural  annual  cycles  in  reserve  foods  of  weed  trees  can 
make  control  methods  more  efficient.  Information  about  the  fluctuations 
induced  by  treatment  may  be  equally  as  useful.  This  knowledge  can  be 
applied  whether  the  control  method  is  mechanical,  chemical,  biological, 
or  pyric.  Usually,  treatment  is  most  effective  when  the  amount  and 
location  of  reserves  render  the  plant  most  susceptible  to  the  particular 
method  chosen. 

While  foresters  are  primarily  concerned  with  the  control  of 
woody  weed  plants,  herbs  and  grasses  also  occupy  forests  and  must  be 
dealt  with  in  the  course  of  management.  Too,  most  basic  physiological 
processes  are  similar  in  all  plants,  and  information  obtained  by  studying 
one  group  may  often  be  useful  in  interpreting  the  reactions  of  another. 
Because  of  their  small  size  and  the  fact  that  they  can  easily  be  grown 
throughout  a  life  cycle  under  controlled  environmental  conditions, 
herbs  have  been  studied  more  often  than  trees  and    other  woody   plants. 

This  discussion  does  not  pretend  to  be  a  complete  review  of  the 
literature  on  weed  physiology.  It  should,  however,  give  the  reader  an 
insight  into  several  of  the  more  important  causal  factors  underlying 
plant  response  to  control  measures,  with  emphasis  on  changes  in 
carbohydrate  metabolism. 


RESERVE  CARBOHYDRATES  OF  ROOTS 

Fire,    chopping,    or  chemicals  may  entirely  destroy  plant  parts  or 
may  kill  all  meristemalic  tissues  above  ground.      Broad-leaved     woody 
plants  generally  respond  to  such  treatment  by  sprouting  from  the  root 
collar,,      The   source  of  energy  and  building  material  for  the  initial  burst 
of  regrowth  comes  from  the  food  stored  in  roots.      If  these  reserves  are 
low,    the  initial  sprouts  will  be  weak,  if  reserves  are  high,    response  will 
be  proportionately  vigorous. 

Reserve  food  is  accumulated  only  when  the  rate  of  photosynthesis 
exceeds  the  rate  of  respiration  plus  the  rate  of  assimilation  of  food  into 
non-reversible  forms,    such  as  cellulose.     Anything  that  affects  these 
three  processes  affects  the  amount  of  food  stored.      If  the  leaf  area  of  a 
tree  is  reduced,    if  the  rate  of  respiration  is  increased,    or  if  more  photo- 
synthate  is  used  in  vegetative  growth,    storage  is  decreased. 

Reserve  foods  of  plants  are  mainly  carbohydrates   stored  in  roots, 
stems,    and  twigs.      The  location  and  form  of  these  reserves  varies  great- 
ly among   species.      While   some  annuals  like  potatoes  and  corn  are  im- 
portant for  their   storage  capacity,    storage  is  generally  most  highly  de- 
veloped in  perennials  and  biennials. 

Measurement  of  food  reserves  presents  difficulties.     Among  the 
storage  products  used  as  indicators  of  total  reserve  food  are  soluble 
starches,    dextrins,    sugars,    hemicellulose,    available  carbohydrates, 
frcctosan,    fructose,    reducmg   sugars,    invert  sugar,    and  hydrolyzable 
carbohydrates  (115,    69,    150,    33,    21 8,    202,    133).     Some  of  these  carbo- 
hydrates are  immobile  storage  forms,    such  as   starch,    while  others  may 
be  transitional  from   sucrose  to  non-reversible,    non-available  forms  like 
cellulose.     Still  others  may  be  protein  precursors.     Since  the  chemical 
composition  of  any  plant  is  related  to  the   stage  of  growth  (216,     117,    215, 
133),    and  since  various  carbohydrate  components  can  vary  among  differ- 
ent parts  of  the  same  plant  (198),    a   single  carbohydrate  fraction  may  not 
be  a  reliable  indicator  of  the  total  available  carbohydrates  (hereafter 
called  TAG). 

For  example,    Preston  and  Phillips  (172)   showed  that  in  some 
species  of  trees    sugar  may  increase  in  spring  while   starch  decreases. 
Fischer  (66)  found  that  starch  in  conifers  disappears  in  winter  while  fat 
increases;  in  spring  this  relationship  is  reversed.      Similar  relationships 
may  hold  in  herbaceous  species  and  grasses.      McCarty  (133),    working 
with  clipped  grass  of   several  species,    found  hemicellulose  to  decrease 
while   starch  increased.      In  plants  the   starch- sugar  conversion  can  take 
place  repeatedly  with  a  very  small  loss  of  carbohydrates.      While   starch 
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was  one  of  the  first-used  indicators  of  TAC  (138),    it  has    never    been 
generally  acceptable.     A  satisfactory  method  for  determining  TAC  has 
recently  been  developed  by  Weinmann  (219)  and  will  probably  be  used 
with  increasing  frequency  in  the  future. 

The  physiology  of  grasses,    herbs.,    and  woody  plants  is  basically 
similar.      However,    the  balance  of  these  processes  may  be  quite  differ- 
ent,   so  that  the  plants  may  respond  variously  to  identical  stimuli.    Differ- 
ences in  plants,    organs,    tissues,    and  methods  of  investigation  used  in 
each  group  make  extrapolation  of  data  from  one  group  to  another  possible 
and  profitable.      Voids  of  knowledge  in  one  group  may  often  be  bridged  by 
observation  of  another  group. 


Woody  Plants 

Seasonal  Variation 

Knowledge  of  seasonal  trends  in  the  reserve  food  accumulation  of 
trees  and  shrubs  has  found  immediate  application  in  sprout  control  (40, 
32,    180),    interpretation  of  wood  structure  (85),    and  the  pruning  of  apple 
tr~ees  (173). 

Food  reserves  of  trees  have  usually  been  found  more  abundant  in 
roots  than  in  stems,    but  their  importance  is  not  always  evident  in  the 
initial  spring  growth.      Twigs  and  branches  store  much  of  the  reserve 
foods  of  some   species  (173).      Also,    if  root  growth  precedes   shoot  growth 
(100,    76,     180),    root  reserves  may  be  depleted  by  root  growth  and  mis- 
interpreted as  having  been  used  in  shoot  growth, 

Seasonal  periodicity  of  reserve  carbohydrates  has  been  noted  in 
apple  (34,    88),    maple  (101),    pear,    quince  (185),    sycamore  (4T),    black 
locust  (191),    and  cactus  (197).      These  reserves  are  nearly  always  greatly 
decreased  in  spring  while   shoots  and  leaves  are  developing  (15,    1 85,    172). 
Then,    carbohydrates  accumulate  until  fall  dormancy  sets  in  (149,    101, 
185).     Accumulation  apparently  begins  after  maturation  of  the  leaves  and 
after  diameter  growth  is  largely  complete. 

With  fall  dormancy  there  is  generally  no  further  accumulation  of 
reserves  in  deciduous  species.     Instead,    a  period  of  depletion  begins  and 
lasts  through  the  winter  (149,    185,    19).      This  depletion  is  not  g^eat,  and,  as 
with  grasses  and  herbs,    may  be  attributed  to  respiration. 

The  classic  description  of  seasonal  variation  in  carbohydrate  re- 
serves of  trees  by  Sablon  (185)  is  worthy  of  repetition  (author's  translation): 


Carbohydrate  reserves  of  roots  and  stems.      The  roots  of 
deciduous  trees  act  as  reserve  organs  where  carbohydrate 
materials  accumulate.     At  the  beginning  of  autumn,    at  the 
time  when  it  is  known  that  starch  grains  are  very  abundant, 
reserve  carbohydrates  attain  their  maximum.     Then  during 
autumn  and  winter,    when  starch  disappears  or  at  least  be- 
comes less  abundant,    the  reserves  diminish,    but  relatively 
slightly.      The  largest  part  of  the  starch  that  disappears  seems 
to  be  transformed  into  reserve  cellulose,    which  can  be 
found  in  the  determination  for   starchy  materials.      In  April 
and  May,    the  root  reserves  diminish  rapidly  and  are  con- 
sumed by  the  formation  of  new  branches  and  new  roots. 
From  June   to  October,    reserves  increase   steadily.      During 
this  time,    in  fact,    growth  of  the  tree  has  slowed  on  the  one 
hand,    and  on  the  other,    the  rate  of  [carbohydrate  |  assimi- 
lation has  become  intense  because  of  the  development  of 
leaves, 

In  a  general  manner,    from  the  point  of  view  that  concerns 
us,    stems  act  in  the   same  manner  as  roots, but  their  charac- 
ter as  a  reserve  organ  is  less  accentuated.     Their  reserves 
are  less  abundant  than  in  roots,    and  particularly  the  differ- 
ence between  the  maximum  and  the  minimum  is  less.      The 
maximum  of  autumn  is  much  smaller  than  in  the  roots  and 
the  minimum  of  spring  is   sometimes  greater  than  the  min- 
imum of  roots.     At  the  beginning  of  spring  an  increase  in  the 
reserves  of  the  stem  can  be  verified  in  certain  cases.     This 
is  due  to  the  fact  that  the  reserves  of  roots  have  moved  into 
the  stem. 

Anderssen(6)  and  Kikuya  (106)  were  able  to  demonstrate  a  large 
increase  of  soluble  carbohydrates  in  xylem  elements  during  certain 
seasons.      Curtis   (54)  offers  evidence  that  it  is  the  phloem  through  which 
upward  translocation  takes  place.      In  either  case,    it  is  now  well  es- 
tablished that  there  can  be  an  upward  movement  of  soluble  carbohydrates 
through  stems. 

However,    no  single  rule  will  apply  to  all  species  of  woody  plants. 
Bews  and  Vanderplank  (19)  were  able  to  detect  only  a  slight  spring  de- 
crease in  root  reserves  of  Portulacaria  rooperi,    a   small  shrubby  tree 
native  to  Natal,    indicating  an  absence  of  translocation.      They  said,    "The 
starch  stored  in  the   species   studied  did  not  seem  to  be  used  to  any  ap- 
preciable extent  during  periods  of  renewed  growth.  ..."      Apparently, 
the  new  leaves  became  self-sufficient  at  a  very  early  age.      Wieler  (226) 


was  not  able  to  correlate  the    amount  of    reserve  foods  with  the  width  of 
the    annual    rings     in   Robmia   pseudoacacia   or    Pinus    sylvestris. 

In  some    evergreen   trees,    the    yearly   cycle  of    storage    and   de 
pletion  is  reversed  from  that  of  deciduous  trees.     Although  reserves  of 
eveigreens  seem  to  accumulate  at  a  slower  rate  than  those  of  deciduous 
species,  carbohydrate  accretion  continues  throughout  the  winter  and  re- 
serves are    at  a  maximum    just  before  spring    growth  starts.      Unlike  de- 
ciduous trees,    evergreens  seem  to  have  no  intensive    late     summer 
period  of  accumulation   (92,    1 8 6 ) „      Juniperus  virginiana  seems  to  be  an 
exception  and  can  be  cited  as  an  evergreen  having  a  yearly    carbohydrate 
cycle  similar  to  that    of   deciduous    species    (172). 

Bews  and   Vanderplank  (19)  found  that  there  can  be    14  to  31  per- 
cent more  usable  carbohydrates  on  one  side  of  the  tree  than  on  the  other, 
with  a  gradient  f i  om  north  to  south.      This  is  apparently  due  to  different 
rates  of  photosynthesis  on    sunny   and   shady    sides. 

In  summary,  the  following  relationships  seem  to  hold  true;  After 
the  winter  dormant  period,    there    is  a  sudden   burst    of  growth  in  spring 
during  which  trees  refoliate  and  herbs  and   grasses  send   up  new  shoots. 
This    initial,    vigorous,  spring  growth  takes    place    at   the    expense    of  re- 
serve foods    stored  the  previous  growing  season.     After  refoliation   has 
produced  a  sufficiently  large  photosynthetic  area,    reserves  once    again 
accumulate     until     shortly    before    fall     dormancy.      With    the    onset    of 
dormancy  and    continuing    throughout   the    winter,     there    is    a  small  but 
consistent  loss  of  TAC    resulting    from     respiration.      An   inverse     re- 
lationship between  the  annual  march  of  carbohydrate  reserves  and  the 
growth  of  tops  seems  to  be  the  rule  rather  than   the    exception.     So  long 
as  tops    are     growing     rapidly,      there    is    little     or    no    accumulation. 

Top  Removal 


Eradication  of  woody  plants  by  cutting  or  burning  is  usually  most 
effective  if  done  at   the  time  of  the  year  when  carbohydrate  reserves  are 
lowest.     Aldous  and  Zahnley  (3,    4)  found  that  burning  in  late  April    in- 
creased the  number  of  buck-bush  stem  sprouts,    while  a  burn  in   May, 
only  23  days  later,    resulted  in  fewer  sprouts  per  acre  than  were    o- 
riginally  present.      The  reason  appeared  to  be  that  the  starch  reserves 
of  the  plants  had  been  practically  used  up  before  the  May  burn.     In  tests 
with  sumac,    Aldous  found  the  least  sprouting  from  stems  cut   in   June, 
when  starch  reserves  were  at  their  lowest  ebb.     His  test  for  starch  con- 
sisted of  a  simple    microscopic  examination  of  wood  sections  stained 
with  iodine.     Huberman  (97)  found  more  reserve  starch  in  unburned 
(defoliated)  seedlings  than  in  burned  ones. 


Clark  and  Liming  (40)  said,    "Trees  treated  in  June  had  fewer 
trees  sprouting.,    higher  mortality  of  sprout  clumps,    fewer   sprouts  per 
tree,    and  smaller  sprout  clumps  than  trees  treated  during  any  other 
month.  "     Buell  (32)  also  found  that  sprouting  of  dogwood  was  closely 
related  to  the  season  of  cutting.      Cuts  made  in  late  June  and  early  July 
resulted  in  fewer  and  smaller  sprouts  than  cuttings  made  in  any  other 
month.      Little  and  Mohr  ( 1 19)  noted  that  "The  "use  of  summer  fires 
proved  superior  to  the  use  of  machinery.  "     Lotti  (121)  obtained  a  good 
kill  of  understory  hardwoods  with  successive  annual  summer  fires.   Mid- 
June  girdling  of  undesirable  species  gave  less  sprouting  than  girdling  at 
any  other  season  (7).      Cutting  Ostrya  virginiana  between  June  and 
September  resulted  in  less  sprouting  than  cutting  at  any  other  time  of 
year  (61).      While  vitality  of  pasture  shrubs  was  found  to  generally  de- 
crease under  repeated  heavy  clipping  (.74),    control  measures  in  July 
were  found  to  be  particularly    effective  (30). 

Girdling  large  trees  has  many  obvious  advantages.     It  is  more 
economical  than  cutting  and  leaves  less  litter  on  the  ground  as  a  fire 
hazard.      Results  of  seasonal  girdling  tests  closely  parallel  those  of 
cutting  experiments.      Clark  and  Liming  (40)  found  that  trees  girdled  in 
June  sprouted  less  than  those  girdled  at  any  other  time.      Grano  (80) 
found  that  girdling  trees  in  spring,    just  after  they  had  reached  full 
leaf,    produced  the  best  kill  and  least  sprouting. 

However,    girdling  necessitates  consideration  of  factors  that  are 
of  no  importance  when  tops  are  entirely  removed,    as  by  cutting.      Under 
normal  conditionsjterminal  buds  produce  auxins  which  move  down  the 
stems,    inhibiting  the  growth  of  dormant  buds  and  the  initiation  of  ad- 
ventitious buds.     Food     manufactured  by  leaves  moves  downward  only 
through  the  phloem,    while  the  transport  of  auxins  takes  place  in  both 
bark  and  wood  through  the  phloem  and  the  parenchyma  (163). 

Destruction  or  removal  of  the  terminal  buds  stops  production  of 
these  auxins,    thereby  permitting  sprouts  to  develop.      Because  girdling 
does  not  destroy  the  terminal  buds  immediately,    it  may  be  more 
effective  in  killing  weed  trees  than  total  destruction  of  tops.     Girdles 
cut  off  the  supply  of  food  to  the  roots,    while  the  auxins  continue  to  move 
down  through  the  wood  parenchyma  and  prevent  the  formation  of  new 
leaf -bearing  sprouts.      Under  these  conditions  the  roots  eventually 
starve  to  death. 

Since  the  main  avenue  of  downward  auxin  movement  is  through 
the  phloem  and' adjacent  wood,    the  depth  of  the  girdle  may  be  of  great 
importance.     A  shallow  girdle  (so  long  as  it  completely  severs  the 
phloem  for  a  width  sufficient  to  prevent  healing  over)  causes  a  maximum 


of  inhibiting  action.  Peeling  the  bark  either  removes  the  phloem  or  ex- 
poses it  to  the  air,  thereby  causing  it  to  die  quickly.  Clark  and  Liming 
(40)  found  a  peel  girdle  more  effective  than  any  other  type. 

There  may  be  reasonable  doubt  as  to  the  source  of  the  reserve 
foods  used  in  initial  spring  growth.      These  foods  may  come  from  roots 
or  from   stems,    depending  upon  the   species  under  consideration.     How- 
ever,   there  can  be  no  doubt  as  to  the  source  of  food  when  plants   send  up 
new  shoots  after  tops  are  removed  or  the  trunk  is  girdled.      Roots  are  the 
only  possible  source. 


Herbs 

Seasonal  Variations 

Knowledge  of  the  nature  and  amount  of  reserve  carbohydrates  in 
roots  of  perennial  herbs  has  contributed  directly  to  the  eradication  of 
such  weeds  as  Canada    thistle  (212),    regulation  of  mowing  practices 
(228),    and  the  determination  of  grazing  capacity  (25).     Even  though  herbs 
often  have  the  bulk  of  their  carbohydrates  in  roots  (112,    150),    there  may 
be  considerable  variation  between  species  according  to  the  season,    root 
type,    and  root  depth  (69).      Environmental  factors,    such  as  soil  moisture, 
may  also  exert  a  strong  control  (230).      While  variability  must  be  recog- 
nized (12),    the  over-all  pattern  is  fairly  uniform. 

The  phenology  of  plants  may  provide  a  guide  to  internal  physi- 
ological conditions.      Numerous  investigators  have  shown  that  the  quan- 
tity of  reserve  carbohydrates  in  roots  of  perennial  dicots  can  be  cor- 
related with  a  growth  stage  (115,    25,    224,    69,    192,    12,    9,    193,    79). 
Annual  herbs  usually  have  small  storage  capacity  and  variations  are  rela- 
tively unimportant  (159). 

Graber  et  al.    (79)  found  that  new  top  growth  of  alfalfa  in  spring 
is  largely  initiated  at  the  expense  of  root  reserves.      This  has  been 
corroborated  by  other  workers  (228,    87,    78,    116,    193)  including  Amy 
(9),    who  noted  "sharp  declines  from  late  April  through  the  first  of  May 
in  the  percentages  of  total  sugars  and  total  readily  available  carbohy- 
drates in  the  underground  storage  organs   [of  some  perennial  weedsj.  .  .  .  " 
Leukel  (115)  found  that  vigorous  top  growth  during  spring  reduced  the 
carbohydrate  reserves  of  alfalfa  plants  by  50  percent.      The  flush  of  spring 
growth  generally  sends  reserves  to  their  lowest  level  of  the  entire  year. 
If  reserve  carbohydrates  are  low,    spring  activity  will  be  less  vigorous 
than  if  reserves  are  abundant.      The  amount  of  top  growth  in  spring  has 
been  correlated  with  the  amount  of  food  reserves  stored  during  the  pre- 
vious growing   season  (193,    228,    2). 
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Depletion  of  reserves  stops  only  when  the  photosynthetic  tissue 
is  sufficient  to  supply  all  food  used  in  respiration  and  growth.      Pheno- 
logically,    this  generally  is  soon  after  leaves  mature  (2_).     Accumulation 
continues  until  fall  dormancy  sets  in  and  tops  die  or  leaves  are  shed 
(115).      Under  these  conditions  top  growth  may  alternate  with  root  growth 
(130)o     After  dormancy  begins,    there  is  no  further  accumulation  of  TAC 
until  the  following  summer.     During  the  dormant  period,    however,    there 
may  be  shifts  in  basic  carbohydrate  components  from  one  compound  to 
another  (13).,      TAC  losses  during  winter  are  almost  entirely  due  to 
respiration. 

Environmental  factors  strongly  influence  the  rate  of  accumula- 
tion during  summer.     High  nitrogen  contents  in  the  soil  may  increase  the 
vegetative  growth  and  decrease  the  rate  of  carbohydrate  accumulation 
(110).      Dry  weather  (115,    154)  may  result  in  increased  carbohydrate 
accumulation  due  to  smaller  use  in  growth  processes,    while  the  actual 
increment  is  decreased.     Recurrent  droughts  may  seriously  deplete 
starches  and  sugars  (230). 

Top  Removal 

Responses  of  herbs  to  defoliation  are  numerous  and  varied.     A- 
mong  the  more  easily  measured  changes  are  depletion  of  reserves  ( 1  ft 3.) , 
decrease  in  the  number  of  stolons  (206),    changes  in  species  composition 
(140).,    reduction  in  dry  weight  of  roots  (228,    171),    and  lessening  of  hay 
yield  (102,    114). 

After  a  plant  has  been  clipped,    new  top,    stem,    and  root  growth 
is  initiated  at  the  expense  of  previously  deposited  root  reserves  (193, 
228,    155).      Moran  et  ah      (150)  showed  that  "defoliation  caused  a  de- 
pletion of   [carbohydrate  |  reserves  from  both  stolons  and  roots.  " 

The  more  often  plants  are.  defoliated,    the  greater  the  depletion  of 
reserves  (206).      Conversely,,    the  amount  of  new  foliar  growth  produced 
immediately  after  defoliation  is  directly  related  to  the  carbohydrate 
level  at  the  time  of  defoliation  (150,    155,    171). 

The  depletion  period  that  results  from  cutting  tops  late  in  the 
growing  season  may  last  longer  than  the  one  following  earlier  cuttings. 
Smith  and  Graber  (193)  found  that  cuts  made  in  mid-September  depleted 
reserves  for  a  month,,    while  cuts  in  mid-August  caused  only  a  two-week 
depletion  period.     Wilkins  and  Collins  (227)  found  that  5  percent  of  their 
sweet  clover  survived  April  plowing,    while  only  1  percent  survived 
May  plowing. 
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The  length  of  the  depletion  period  is  important  if  follow-up 
treatments  are  to  be  made.      For  phytocidal  purposes,    follow-up  is 
most  effective  when  reserves  are  lowest,    and  before  the  photosynthetic 
area  of  leaves  is  great  enough  to  provide  the  food  used  in  growth. 
Timmons  (207)  found  that  depletion  of  bindweed  root  reserves  continued 
for   12  to  14  days  after  top  removal,  and  he  was  later  able  to  show  that  2 
weeks  was  the  longest  effective  interval  between  shallow  hoeings  for  the 
eradication  of  this  weed  (208). 

Moran  et  al.       (150)  found  that  cutting  caused  relatively  less 
depletion  in  plants  with  low  carbohydrate   supplies  than  in  those  with 
ample  amounts.     Apparently,    depletion  of  the  remaining  reserves  be- 
comes progressively  more  difficult  as  the   supply  diminishes. 

Partially  defoliated  plants  recover  more  rapidly  than  those 
entirely  defoliated  (206).     Any  photosynthetic  tissue  left  on  the  plant 
will  contribute  to  its  recovery  by  supplying  carbohydrates  used  in 
growth. 

When  top  removal  on  a  sustained-yield  basis  is  desired,    as  in 
production  of  hay,    careful  timing  of  cuts  is  essential.     Salmon  et  al. 
(186a)  found  that  cutting  alfalfa  at  full  bloom  failed  to  injure  the  plants, 
while  cuts  made  at  the   succulent  stage  were  definitely  harmful.      The 
results  of  cutting  at  the  wrong   season  may  not  be  seen  until  later,    when 
crop  production  is  lowered.      Too  frequent  cutting  also  can  lower  subse- 
quent growth.      Kudzu  plants  harvested  four  times  during  the  growing 
season  made  practically  no  increased  growth  during  the  second  year  of 
treatment  and  also  lost  root  weight  (171).      Time  must  be  allowed  for 
plants  to  replenish  their  reserves. 

Plants  cut  frequently  or  late  in  the  growing  season  may  enter 
winter  with  low  reserves  and  a  high  moisture  content.     Such  plants  are 
more  susceptible  to  winter  injury  than  those  cut  less  frequently  (115). 
When  top  removal  has  been  excessive,    reserves  may  not  be  great 
enough  to  allow  respiration  throughout  the  winter  (206,    228),    and  the 
plant  may  die  during  the  dormant  season,    the  period  when  reserve  re- 
quirements are  least. 


Grasses 

Seasonal  Variation 

Grasses,    like  trees  and  herbs,    have  pronounced  seasonal  vari- 
ations in  carbohydrate  reserves  (117,    215,    132).      The  variations  may 
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be  associated  with  different  developmental  stages  (151,    21  8;     134,    188),, 
The  literature  on  seasonal  variations  of  reserve  foods  in  grasses  has 
been  summarized  in  an  excellent  review  by  Weinmann  (220).      Such  in- 
formation has  been  useful  in  the  eradication  of  weed  grasses  (201),    im- 
provement of  watershed  values  (99),    and  regulation  of  grazing  practices 
on  permanent  ranges  (133).      Productivity  of  grasses   seems  to  be  directly 
related  to  root  reserves  (78):  the  greater  the  reserves,    the  more 
vigorous  the  top  growth. 

The  periods  of  root  and  shoot  growth  of  grasses  do  not  neces- 
sarily coincide.     In  many  species,    roots  characteristically  grow  after 
plants  mature  and  when  top  growth  is  a  minimum  (201,    218,    188).     Root 
growth  may  also  alternate  with  herbage  growth  (133).     Since  root  growth 
also  requires  carbohydrates,    depletion  of  reserves  cannot  be  attributed 
to  top  growth  alone.      Tops  may  have  completed  growth  and  be  actively 
manufacturing  and  translocating  carbohydrates  to  roots,    yet,    if  these 
carbohydrates  are  being  used  in  root  growth,    there  will  be  no  build-up 
of  reserves. 

Top  Removal 

Response  of  grass  roots  to  top  removal  by  cutting,    grazing,    and 
burning  has  been  carefully  studied.     Specific  anatomical  changes,    such 
as  smaller  root  diameters  and  smaller  steles  may  result  (168,    20).     Other 
effects  include  lower  resistance  to  competition  (78,    53),    lower  vigor 
(214),    decreased  top  growth  (179,    87),    smaller  root  quantity  and  lower 
quality  (184,    51),    increased  susceptibility  to  freezing  and  winter  injury 
(20,    78),    lowered  drought  resistance  (78),    increased  insect  injury     (77), 
and  death  (33,    187,    86),      Ultimately,    the  differential  response  of  plants 
to  top  removal  may  change  the  direction  of  succession  and*composit,ion  of 
a  region  (45,    91,    53). 

The  height  of  cutting  is  closely  related  to  the  depletion  of  reserves: 
high  cuts,    leaving  more  photosynthetic  tissue,    are  less  exhausting  than 
low  cuts.     Harrison  and  Hodgson  (87)  state,    "In  general,    the  shorter  a 
given  grass  was  cut,    the  less  top  growth  it  produced,,  "     Orchard  grass 
clipped  to  within  an  inch  of  the  soil  used  nearly  all  root  reserves  while 
ample  amounts  remained  in  plants  cut  to  three  inches.      Sullivan  and 
Sprague  (203)  observed  that  larger  plants  gave  greater  yields  of  aftermath. 

Roots  of  perennial  ryegrass  were  never  completely  exhausted  as 
long  as  defoliated  plants  were  kept  in  light.      However,    m  darkness  re- 
serves were  depleted  and  protein  hydrolysis  took  place  (202).      This 
helps  confirm   the   suggestion  that  endogenous  respiration  can  take  place 
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after  carbohydrate  reserves  are  exhausted  (50,    161).     In  this  process 
the  proteins  of  the  protoplasm  are  broken  down  into  their  constituent 
parts  and  utilized  in  respiration. 

Robocker  and  Miller  (181)  found  that  a  single  time  for  burning 
or  cutting  tops  did  not  affect  all  species  of  grass  in  a  like  manner.     For 
example,    cutting  at  the  hay  stage  was  harmful  to  big  bluestem,    Indian- 
grass,    and  switchgrass,    but  caused  little  bluestem  to  increase.     At  the 
same  time,    Canada  and  Virginia  wildrye  were  injured  by  burning, 
while  Indiangrass  increased. 

Frequency  of  cutting  is  also  very  important.      Cassady  (37)  found 
that  in  the  bluestem  grass  type  of  Louisiana  "the  ill  effects  of  close 
repeated  harvesting  may  last  for  several  seasons,    even  under  com- 
plete protection.  "     Gernert  (75)  wrote  that  "the  lowest  production  of 
roots  by  weight  came  from  plots  clipped  most  frequently.  " 

Low  yields  of  herbage  can  generally  be  correlated  with  a  low 
rate  of  food  accumulation  (20,    78).      Ellett  and  Carrier  (63)  found  that 
grasses  cut  every  seven  days  produced  about  half  as  much  air-dry 
substance  as  plants  cut  once  a  year.      Cassady  (37)  found  the  same  re- 
lationship when  plants  were  cut  every  two  weeks.      Both  investigations 
agree  closely  with  the  work  of  Sullivan  and  Sprague  (202),    who  showed 
that  root  reserves  in  perennial  ryegrass  were  lowest  about  the  eleventh 
day  following  clipping.      Parker  and  Sampson  (167)  found  the  period  of 
depletion  to  last  8-10  days.     If  reserves  are  not  allowed  to  build    up  in 
the  intervals  between  successive  cuts,    the  result  is  nearly  always 
harmful.      Cutting  too  frequently  may  reduce  the   stored  plant  food  and 
hence  the  growth  during  the  following  season  (133,    78).      Crowder 
et  ah    (52)  found  that  clipping  at  8-week  intervals  gave  higher  yields  of 
dry  matter  than  did  harvesting  at  shorter  intervals. 

Mcllvanie  (137)     found  that  45  percent  of  the  height  growth  of 
bluebunch  wheatgrass  was  produced  before  reserves  ceased  to  decline. 
The  interval  of  time  required  to  produce  45  percent  of  the  top  growth 
would  therefore  be  of  great  importance  in  determining  the  interval 
between  successive  cuts,    either  for  forage  production  or  as  an  eradi- 
cation measure. 

Fertilization  does  not  compensate  for  a  lack  of  top  growth 
(86).     In  fertilization,    mineral  elements  are  supplied,    but  carbohy- 
drates can  only  be  manufactured  by  the  plant  itself,    except  under  ex- 
traordinary circumstances  (such  as  by  the  application  of  sugar  solu- 
tions to  foliage). 


11   - 


Diurnal  Variations  in  Carbohydrates 

The  difference  between  afternoon  or  morning  cutting  or  burning 
of  vegetation  on  the  same  or  succeeding  days  is  of  little  importance,   so 
far  as  the  total  amount  of  root    reserves    is    concerned.      Changes  in  the 
amount  of  total  carbohydrates  during    the    night  are  probably  slight,    and 
the  day-to-day  loss  or  gain  is  normally  small. 

There  are,    however,    pronounced  diurnal  changes  in  the    carbo- 
hydrate content  of  the  leaves  (39s    13 1  )„      During  the  day  the  products  of 
photosynthesis  accumulate  in  leaves  as  starch.     Both  sugars  and  starch 
are  highest  from  3  to  6  p.  m.  ,    after  which  the  concentration  drops  (111, 
55).      This  lowering  of  concentration    occurs    when  starches    are    trans- 
formed to  sugars  and   translocated  from    the    leaves.      Concentration   is 
lowest  in  the  morning,    just  before  photosynthesis  starts  (19,    55).     More 
than  half  of  the  available  carbohydrates  in   leaves    have    been  found    to 
disappear     during     the    night   (58).      Curtis  (56)    found  "a    carbohydrate 
content  83  percent  higher  and  a  dry  matter    yield    19   percent   higher    in 
afternoon  cutting  than  in  morning  cuttings    [of  alfalfa  |  .  " 

While  there  is  some  dispute  as  to  the  magnitude  of  diurnal  changes 
in  the  carbohydrates  of  leaves  (55,   23 1 9   56),  these  changes  are  of  interest 
in  that  they  may  give  a  clue  to  the  distribution  of  systemic  phytocides. 


Carbohydrate -Nitrogen  Balance 

There  is  a  balance  of  carbohydrates  to  nitrogen  best  for  both  veg- 
etative growth  and  carbohydrate  accumulation.     When  the  proportion  of 
carbohydrates  is  high,    accumulation  is  favored;  when  nitrogen  is  high, 
vegetative  growth  is  favored.      The  classic  study  of  Kraus  and  Kraybill 
(110)  showed  that  tomato  plants  high  in  nitrogen  were  usually  low  in  stored 
carbohydrates,    and  that  when  such  plants  were  cut  off  near  the  base  they 
rooted  without  producing  new  shoots.      Tomato  plants  low  in  nitrogen 
sprouted  vigorously  when  cut  near  the  base.     Foster  (68)  also  associated 
nitrogen  deficiency  with  starch  congestion  in  tomato  stems.      The  in- 
creased accumulation  of  carbohydrates  when  nitrogen  is  low  has  been  at- 
tributed to  the  reduced  use  of  these  foods  in  protein  formation  (199,    122). 
Intensive  protein  formation  is  characteristic  of  fast-growing  plants. 

Harrison  and  Hodgson  (87)  withheld  nitrogen  from  grass  plants 
for  several  weeks  so  they  would  become  relatively  high  in  carbohydrates. 
Clipping  these  plants  to  three  inches  in  height  resulted  in    a     better     im- 
mediate growth  than  clipping  to  either   six  inches  or  one  inch,,     Apparently 
the  three-inch  plants  had  the  best  C/N   balance   for    immediate    use    in 
vegetative  growth. 
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The  C/N  balance  most  favorable  for  extensive  top  growth  may 
not  be  the  most  favorable  for  root  growths     Harrison  (86)  found  that 
"the  addition  of  nitrogen  brought  about  an  increase  in  top  growth,    but 
the  weight  of  roots  was  not  increased  over  that  of  the  roots  of  the  un- 
fertilized grass.  "    Reid  (177)  showed  that  root  growth  sometimes  takes 
place  when  conditions  are  not  favorable  for  top  growth.      Sprague  and 
Sullivan  (198)   stated,    "While  final  dry  weight  yields  of  tops  and  stubble 
were  higher  under  high       nitrogen  nutrition,    root  weights  were  greater 
under  low  nitrogen  nutrition.  "    Apparently,    high  carbohydrates  and 
low  nitrogen  favor  root  growth  in  some  species. 

Repeated  clipping  may  exhaust  roots  faster. in  fertile  than  in 
poor  soils  (78,    124).      Plants  growing  in  poor  soils  store  more  carbo- 
hydrates and  use  less  in  vegetative  growth;  they  can  therefore  sustain 
a  larger  number  of  cuts  before  becoming  exhausted. 

The  C/N  balance  of  a  plant  may  change  from  time  to  time  during 
the  year.     Weaver  (216)  found  that  the  proportion  of  carbohydrates  to 
nitrogen  becomes  greater  as  the  growing  season  progresses.      Pierre 
and  Bertram  (171)  showed  that  the  nitrogen  content  of   kudzu  roots  is 
high  in  the  spring,    decreases  during  the  period  of  vigorous  vegetative 
growth,    and  increases  once  again  after  this  period  ends.      Nitrogen  has 
also  been  shown  to  disappear  from  the  leaves  of  some  plants  after 
maturation  and  prior  to  abcission  (43,    152).     It  is  presumably  trans- 
located to  the  twigs  and  stems. 

Cutting  the  tops  may  mobilize  carbohydrate     reserves.     In  this 
process,    the  reserves  are  changed  from  an  insoluble  to  a  soluble  form, 
and  an  increase  in  the  amount  of  soluble  nitrogen  is  apparent  as  early 
as  3  to  7  days  after  cutting  (203),      This  agrees  with  findings  that  nitro- 
gen root  reserves  of  red  clover  are  depleted  by  spring  growth  as  well  as 
by  regrowth  following  cutting  (192,    228). 

Not  all  investigations  have  revealed  a  correlation  between  the 
depletion  of  carbohydrate  reserves  and  the  depletion  of  nitrogen  reserves. 
Bakke  et  al.    (12)  found  the  total  nitrogen  reserves  of  certain  prairie 
grasses  independent  of  the  annual  trends  shown  by  carbohydrates.     Bukey 
and  Weaver  (33)  tried.several  different  clipping  methods  and  found  that 
"the  percentage  of  nitrogen  was  almost  constant  under  all  conditions  of 
growth  studied.  "     Even  though  the  nitrogen  level  might  not  change  ap- 
preciably,   a  lowering  of  carbohydrates  will  bring  a  change  in  the  C/N 
balance  and  result  in  conditions  more  or  less  favorable  for  vegetative 
growth  and  food  storage.      Under  any  circumstances,    it  seems  as  if  the 
the  variation  in  nitrogen  is  not  so  great  as  that  in  carbohydrates  (44). 
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The  general  relationship  between  carbohydrates  and  nitrogen  may- 
be summarized  as  follows:     Low  carbohydrates  and  high  nitrogen  give  the 
plant  high  resprouting  capacity.      Thus,    to  minimize  resprouting  of  hard- 
to-kill  weeds,    nitrogen  fertilization  in  advance  of  eradication  measures 
might  sometimes  be  advisable- -at  least  from  a  physiological  standpoint. 

For  those  interested  in  nitrogen  sources  of  seed  plants,    the  inter- 
pretive review  by  Shields  (190)  will  prove  useful. 


WEED  CONTROL  WITH  GROWTH  REGULATORS 

Excellent  reviews  of  work  with  growth-regulating  phytocides  such 
as  2,  4-dichlorophenoxyacetic  acid  (2,  4-D)  and  2,4,  5-trichlorophenoxy- 
acetic  acid  (2,  4,  5-T)  have  been  prepared  by  Overbeek  (164),    Audus  (11), 
Blackman  et  ai.       (Zl),    Mitchell  and  Marth  (148),    Overbeek  (166),    Tukey 
(209),    Norman  et_al      (160),   Ahlgren  et_al_.      (I),    Crafts  (49),    and 
Nickell  (158).      Such  reviews  are  invaluable  to  the  field  worker  with 
access  to  a  limited  library. 

Kraus  (109)  has  pointed  out  that  the  term  "growth  regulator"  is 
applied  to  chemicals  of  widely  varying  characteristics.      This  term  is 
not  entirely  satisfactory,    because  many  of  the  effects  of  these  chemicals 
are  not  growth  responses.     However,    it.  has  come  into  such  general 
acceptance  that  it  will  probably  continue  to  be  used.      The  report  of  the 
committee  on  plant  regulators,    American  Society  of  Plant  Physiologists  (21 1), 
and    the        minority  report  (113)  are  of  great  interest  in  this  respect. 

A  partial  list  of  growth  regulators  and  their  effects  helps  to 
clarify  the  meaning  of  the  term  (109): 

Indoleacetic  acid- -causes  cell  enlargement,    parthenocarpic 
development,    root  formation,    starch  digestion,    and 
mobilization  of  carbohydrates. 

Indolebutyric  acid-^-very  similar  to  the  above. 

Naphthaleneacetic  acid- -induces  parthenocarpic  develop- 
ment,   cell  enlargement,    root  formation,    starch 
digestion,    and  suppresses  development  of  abscission 
layers  and  lateral  shoot  development. 

I  so -propyl-N -phenyl -carbamate-  -used  principally  as  a 
herbicide  on  grasses. 
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2,  4-dichlorophenoxyacetic  acid--brings  about  cell  enlarge- 
ment,   cell  proliferation,    rooting,    parthenocarpy, 
starch  digestion,    increased  respiration,    and  carbo- 
hydrate mobilization. 

2,4,  5-trichlorophenoxyacetic  acid--causes  cell  enlargement, 
cell  proliferation,    root  formation,    tumor  formation, 
starch  digestion,    fruit  ripening,    and  nastic  movements. 

Maleic  hydrazide--results  in  dwarfing,    prolonged  dormancy, 
retarded  flower  primordia,    and  decreased  vegetative 
growth. 

New  chemicals  are  constantly  being  developed  and  discovered. 
One  of  the  more  recent,  2,4,  5-trichlorophenoxypropionic  acid,  shows 
promise  on  woody  plants. 

Differences  in  season,    hour  of  application,    soil  type,    micro- 
flora,   microclimate,    carrier  and  formulation  of  the  herbicide,    and 
weather  conditions  make  every  use  of  a  chemical  a  unique  problem. 
Generalizations  are  necessary  but  risky. 


Reactions  of  Plants  to  Treatment  With  Growth  Regulators 

Plants  react  to  growth-regulator  phytqcides  in  various  ways, 
some  readily  observable  and  others  measurable  only  by  biochemical  tests. 
Curling  and  twisting  of  leaves  and  stems,    the  most  obvious  response,    is 
often  used  to  evaluate  the  effects  of  minute  quantities  of  growth  sub- 
stances.    I,  e.  ,    a  measured  amount  of  the  phytocide  is  placed  on  a  leaf  or 
petiole  and  the  resulting  petiolar  curvature  is  measured  in  degrees.      The 
larger  the  departure  from  normal,    the  more  effective  the  chemical  (57,  95). 

The  phytocides  may  also  destroy  or  interrupt  the  phloem  (62,    210, 
196).      Meristematic  tissues  are  of  ten  affected  (204).     Stem  tissues  may 
proliferate  (123).      Disorganization  and  rupture  of  the  cortex  of  roots  (210) 
may  permit  the  entry  of  bacteria  into  the  plant  tissues  and  thereby  hasten 
death.     Interference  with  native  auxin,    and  with  physiological  and  enzymatic 
processes,     is     probably  the  factor      underlying  many  grass  morphological 
responses  (27,    233,    166,    221).     Increase  in  respiration,    lowering  of 
carbohydrate's,    and  drop  irTfresh  weight  (210,    147,    84,    141)  are  also 
characteristic. 

Chemical  concentrations  too  low  to  curl  the  leaves  or  affect  respi- 
ration may  destroy  chlorophyll  (210),    ami  disrupt  photosynthesis  (217,   123). 
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It  is  also  thought  that  these  herbicides  may  kill  by  the  production  of  toxic 
substances,,    thereby  acting  as  'toxin  precursors  (165). 

The  outstanding  characteristic  of  the  growth-regulator  phytocides 
is  their  relationship  to  metabolic  activity.      They  are  generally  most 
effective  under  the  environmental  conditions  best  for  plant  growth, 
Bausor  (16)  pointed  out  that  "growth  substances  are  not  very  effective  in 
the  epidermis,    and  the  lack  of  influence  on  the  hydrolysis  of  starch  may 
be  related  to  .  .  .  general  inactivity  in  this  tissue.  "      Physiologically,    the 
epidermis  is  comparatively  inactive.     Gallup  and  Gustafson  (72)  found  that 
radioactive  2,  4-dichloro-5-iodo~  131  -phenoxyacetic  acid  was  translocated 
to  and  accumulates  in  the  rapidly  growing  regions   of  the  plant. 

Since  the  selectivity  of  growth-regulator  phytocides  is  relative 
(47),    it  is  not  possible  to  predict  the  exact  reaction  of  a  plant  species 
to  treatment.     In  some,    the  internal  physiological  balance  (as  indicated 
by  phenology)  may  be  favorable  for  response  to  treatment,    while  others, 
under  the  same  conditions,    may  respond  poorly.     Rossman  and  Staniforth 
(183)      showed  that  different  strains  of  maize  reacted  differently  to  treat- 
ment with  2,4-D.     Fribourg  and  Johnson  (71),  working  with  2,  4-D  and 
2,  4,  5-T,    found  similar  variations  in  strains  of  soybeans. 


Factors  Affecting  Growth-Regulator  Activity 

Since  a  plant's  internal  physiological  condition  is  partially  a  re- 
flection and  integration  of  all  its  environment,    a  brief  consideration  of 
some  of  the  environmental  factors  is  appropriate.      For  more  intensive 
review,    the  reader  should  consult  the  references  mentioned  on  page   14. 


Light 

When  light  values  are  continually  low,    as  in  shade,    photo- 
synthesis a,nd  food  accumulation  are  slight,  and.  nearly  all  food  manu- 
factured may  be  utilized  within  the  leaves.     Since  translocation  of  growth 
regulators  takes  place  in  association  with  organic  foods  made  in  photo- 
synthesis (142,    48,    57),    reduced  light  may  inhibit  the  translocation  of 
growth  substances  by  decreasing  the  movement  of  organic  foods  (142,    143). 

Light  may  also  affect  growth-regulator  activity  by  acting  as  a 
source  of  heat.      When  air  temperatures  are  low  enough  to  become  critical 
for  plant  metabolism,    internal  leaf  temperatures  may  be  raised  by  solar 
radiation.      Growth  regulators,    generally  effective  only  when  plants  are 
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physiologically  active,    may  thus  function  even  when  air  temperatures 
are  below  the  critical  level. 

The  diurnal  cycle  of  light  is  also  important.     As  pointed  out 
above,    photosynthesis  takes  place  all  day,    food  accumulates  in  leaves, 
and  movement  of  this      food     away  from  leaves  to  other  plant  parts 
begins  late  in  the  afternoon.      On  this  basis,    afternoon  should  be  the  best 
time  of  the  day  to  use  growth  regulators,    which,    as  has  been  noted,    are 
translocated  in  conjunction  with  organic  foods. 

Temperature 

Growth-regulator  activity  increases  with  temperature  up  to 
about  90°F  (26,    93,    143),    whereupon  there  is  a  decrease  in  activity  with 
further  increase  in  temperature.     All  treatments  made  between  65°  to 
90°F  may  be  equally  effective  (126).     Above  the  optimum  temperatures, 
excessive  respirational  losses  of  carbohydrates  undoubtedly  preclude 
translocation  from  the  leaves  (93).     In  cool  weather,    plant  response  is 
much  slower,    less  intense,    and  may  be  greatly  delayed  (81,    126). 
Kelley  (103)  said,    "When  physiological  processes  are  slowed  down,    as 
by  low  temperatures,    the  plants  are  less  susceptible  to  2,  4-D.  " 

Soil  Conditions 

Plants  are  sensitive  to  2,  4-D  absorbed  through  roots  (127,    82). 
After  absorption,    the  chemical  is  translocated  upward  in  the  water- 
conducting  tissues  (94,    142).      The  action  of  2,  4-D  when  used  as  a  soil 
sterilant  may  therefore  be  a  function  of  the  transpiration  rate.     If  entry 
into  roots  is  not  a  limiting  factor,    upward  movement  of  2,  4-D  should 
increase  with  the  increase  in  transpiration. 

Disappearance  of  2,  4-D  from  soils  is  attributed  to  the  decomposing 
activity  of  micro-organisms  (157).     Audus  (10)  reported  the  isolation  of 
a  bacterium  (Bacterium  globiforme  group)  that  inactivates  2,  4-D  in  soil. 
DeRose  and  Newman  (60)  tested  the  persistence  of  2,  4-D  in  untreated 
field  soil  and  in  soils  freed  of  all  micro-organisms  by  sterilization. 
They  found  that  the  chemical  persisted  in  sterilized  soil  for  9  to  15 
weeks,    but  disappeared  from  unsterilized  soil  in  only  3  to  6  weeks.     Other 
tests  have  shown  that  2,  4-D  may  remain  in  soil  under  field  conditions  for 
as  long  as  eleven  weeks  (59).      Colmer  (4_2)  found  that  2  or  4  pounds  per 
acre  of  2,  4-D  did  not  decrease  the  population  of  Azotobacter,    a  nitrogen- 
fixing  soil  bacterium.     Soil  moisture  conditions  most  favorable  for  bio- 
logical activity  favor  most  rapid  disappearance  of  growth  regulators. 
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Effects  of  Growth  Regulators  on  Reserve  Starch 

Many  investigators    have    noted  a  lowering    of   carbohydrate    re- 
serve following  treatment  of  plants    with    2,  4-D  and  other    growth-regu- 
lating   compounds  (28,     194,     108,     L45,     143);.      Rhodes    (178)    found  that 
2~methyl-4- chlorophenoxyacetic  acid  brought  about  depletion  of  starch 
when  sprayed  on  tomato  cuttings  kept  six  days  in  darkness  in  a  mineral 
nutrient  solution  containing  sucrose.      Other  cuttings,    not  treated,     still 
had  an  abundance  of  starch  at  the  end  of  this  time.      Penfound  and  Mm- 
yard  (170),    using  shade  and  full  sunlight,    corroborated  these   findings. 
Mitchell  (144),    working  with  naphthalene -acetic  acid  and  naphthalene 
acetamide,    found  a  similar  lowering  in  carbohydrate  content  of  treated 
bean  plants.     He  said,    "Carbohydrate  metabolism  and  transport  was  so 
affected  as  finally  to  result  in  a  deficiency  in  the  amount  of  carbohydrate 
available  in  the  portions  of  the  plants  where  growth  was  stimulated  for  a 
period  following  treatment.  " 

The  lowering  of  carbohydrate  reserves  following  treatment   with 
2,  4-D  and  other  such  substances  is  apparently    due  to  the  hydrolysis    of 
starch  and  other  complex  storage  forms  into  soluble    sugars    that  can  be 
translocated  (143,     108).      Hullinger  (98),    studying  the  effect  of  2,  4-D  on 
corn,    reported   a    decrease  in    dry   weight    but   an   increase    in    reducing 
sugars  and  sucrose.     Wort  (232)  found  that  sugar  values  fell  continuous- 
ly after  treatment  of  plants  with  2,  4-D.     However,    levels  of  all    sugars 
are  not    necessarily   lowered   at   the    same    rate,      Weller    et  ah      (223) 
treated  kidney  bean  plants  with  2,  4-D.      There  was  no  apparent  loss  of 
reducing  sugars,    but  non-reducing  sugars  were  depleted.     Mitchell  and 
Stuart   (146)    also   found   a    decrease    in   sugar    content.     Mobilization   of 
reserve     carbohydrates,     from     an    insoluble    storage   form    to   a  soluble 
form,    has    been   noted   m   nearly    every   plant   part  following    treatment 
with  2, 4-D   (194,     108,     98). 

The  effectiveness  of   growth  regulators    vanes    with  the  age  of  the 
plants.     In  young,  fast-growing  plants  all  or  most  available  carbohydrates 
are  used   in    synthesis    of  new   tissues,     and   only   a   very    small  amount  is 
translocated.     Hence  there  is  a  relatively  small    translocation  of   growth 
regulators  applied  to  young  plant  parts.      Barrons  (14)  said,    "Experience 
has   shown  that  spraying  before  the  leaves  have  fully  developed  will  often 
result  in  inferior  kills."     Plants  p»ast  maturity  and  approaching  dormancy 
or  senescence  may  also  be  hard  to  kill  because  of  decreased  translocation 
and  the  high  content  of  carbohydrate  reserves. 

Opinions  are  divided  as  to  whether  growth  regulators  kill   plants 
by  depleting  carbohydrates.      Mitchell  and   Brown   (141)    treated   morning 
glory  plants    (Ipomoea  lacunosa  L.  )  and  said,    "Readily  available    carbo- 
hydrates   were    essentially    depleted   within   a   period   of   three    weeks     in 
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plants  that  were  growing  vigorously.  .  .  ."   They  concluded,    "Depletion  of 
the  carbohydrates  was  apparently  a  factor  which  resulted  in  death  of  the 
plants,  "     Rasmussen  ( 174)  postulated  that  ".  .  .  the  action  on  dandelion  of 
2,  4-D  in  herbicidial  concentrations  is  principally  the  destruction  of 
carbohydrate  reserves,    with  most  of  the  loss  being  accounted  for  by  in- 
creased respiration.  "     Rhodes  (178)  found  that,    "The  phytocidal  effect 
of  2-methyl-4-chlorophenoxyacetic  acid  may  be  due  to  the  depletion  of 
the  available  carbohydrates  in  the  roots.  " 

In  opposition  to  this  line  of  thought,    a  number  of  investigators 
believe  that  death  occurs  before  reserves  are  depleted  (229,    196). 
Eames  (62)  suggested  that  death  of  treated  plants  is  due  to  disruption  of 
the  phloem.     If  reserves  are  not  depleted  before   some  other  response 
to  treatment  kills  the  plants,    i.  e.  ,    disruption  of  the  cortex  or  interruption 
of  the  phloem,    exhaustion  of  reserves  is  likely  to  be  the  cause  of  death. 


Effects  of  Growth  Regulators  on  Respiration 

Many  workers  have  come  to  the  conclusion  that  aerobically 
respiring  plants,    e.  g.  ,    those  using  free  oxygen,    are  more  sensitive  to 
treatment  than  those  respiring  anaerobically  (31,    194,    195).  i/     In  prac- 
tically all  cases  studied,    growth  regulators  caused  an  increase  in  CO*2 
evolution  and  a  decrease  in  G*2  uptake,    indicating  an  increase  in  an- 
aerobic respiration. 

West  and  Henderson  (225),    working  with  lupine   seedling  roots, 
found  that  2,  4-D  renders  oxygen  unavailable  and  stimulates  anaerobic 
respiration.      Hsueh*and  Lou  (9.6)  found  anaerobic  respiration  in  rice  to  be 
stimulated  by  2,  4-D.      Worth  and  McCabe  (234),    working  with  micro- 
organisms,   came  to  the  same  conclusion.      They  said,    ".  .  .  organisms 
which  require  free  oxygen  for  respiration  may  be    'smothered'    by  2,  4-D,  " 
and  that  "organisms  capable  of  anaerobic  respiration  only  are  not 
affected  to  any  significant  degree  by  2,  4-D.  "     When  Taylor  (205)  applied 
2,  4-D  to  plants  in  an  oxygen-free  atmosphere,    treated  plants     evolved 
more  CG"2  than  untreated  plants.     Interference  with  respiratory  enzymes 
(oxidases)  may  be  the  cause  of  this  particular  action  of  growth  substances. 


1/    Apparent  respiration  may  be  measured  by  accounting  for  the  oxygen 
uptake  of  tissue  or  plants,    the  carbon  dioxide  release,    or  both.      When 
the  ratio  of  oxygen  uptake  to  carbon  dioxide  relea-se  approaches  unity, 
aerobic  respiration  is  usually  dominant.     However,    when  the  proportion 
of  carbon  dioxide  released  is  greater,    anaerobic  respiration  is  generally 
dominant. 
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Chemicals  may  stimulate  respiration  in  reproductive  plant  parts  as  well 
as  in  vegetative  parts  (84). 

Reserve  carbohydrates    mobilized   by   growth     regulators     are 
largely  utilized  in.  increased  respiration  ( 174,     194).      Loomis  (120)  re- 
ported   that     respiration    increases     immediately    after     application    of 
2,4-D,    and  then  declines.     If  plants  are  actively  growing  and  are  manu- 
facturing all  the  food  used  in  the  increased  respiration,  there  will  be  no 
lowering  of  reserves.    However,  if  photosynthesis  is  not  rapid  enough  to 
supply     the     foods     used    by    increased    respiration,    death  will  ensue  in  a 
matter  of  days   or  weeks,  depending  upon  the  length  of  time  needed  to  ex- 
haust available  reserves.  Growth  regulators  may  stimulate  respiration 
proportionately  more  in  starved  than  in  unstarved    tissue    (105). 

Meyer  and  Anderson  (139)  suggest    several    reasons     why   forced 
anae:  obic  respiration,  sometimes  called  fermentation,  may  harm  plants. 
The  energy  output  is  lower  than  in  aerobic  respiration  and  may  not    be 
enough  to  maintain  cell  processes.     Also,    substances  like    oxalic    acid, 
citric  acid,    and  lactic  acid  may  accumulate  to  toxic  levels  under    pro- 
longed anaerobic  conditions. 


Translocation  of  Growth  Regulators  in  Plants 

Translocation   of   growth  regulators  is  closely   associated   with 
movement  of  organic  foods  (73,    14).     If  foods  are  not  present,  or  if  they 
are    not   translocated,     there    will   be   no    movement    of    the     stimulus. 
Rohrbaugh  and  Rice  (182)  applied  2,  4-D  to    "destarched"    leaves  in   the 
dark,  where  food  manufactuie  was  nil.   They  found  that  the  chemical  was 
not   translocated   unless     sugar     was     also    applied    to    the    leaves. 

Under  any  circumstances,  movement  is  not  rapid.    Only  3  percent 
of  the  chemical  applied  to  velvet  mesquite  seedlings  moved  downward 
within  4  days  (24).      This  makes    the    advice  of  Blair  and  Glendening  (23) 
especially   valuable.      They  recommend   that    when   kill  of    dormant   root- 
collar  buds  is  desired,    the  chemical  be  applied  as  close  to    the  base  of  a 
plant  as  possible. 

Blair  (22)  suggested  that  failure  of  growth  regulators  to  kill  plants 
is  due  to  insufficient  absorption  and  translocation.  If  concentrations  of 
the  chemicals  are  excessively  high,  tissue  may  be  killed  at  the  point  of 
application  before  the  stimulus  can  be  transmitted  to  other  plant  parts 
(118).  Also,  since  movement  is  through  the  phloem,  a  living  tissue, 
toxic  amounts    cannot    be    present    at    any    instant    (90). 
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Soluble  carbohydrates  tend  to  move  toward  regions  of  plants 
treated  with  growth  substances  (5,    200,    146).      Since  growth  regulators 
move  at  the  same  time  and  in  conjunction  with  carbohydrates,    this  may 
be  one  of  the  reasons  for  the  low  rate  of  translocation  away  from  the 
point  of  application.      This  is  consistent  with  the  findings  of  Beevers  and 
Gibbs  (18)  that  the  youngest  tissues  oxidize  glucose  more  rapidly  than 
older  one  So 

Difficulties  in  translocation  may  be  the  primary  reason  why 
growth  regulators  are  comparatively  ineffective  on  grasses.      Fang  and 
Butts  (65)  suggested  that  the  intercalary  meristems  of  grasses  may 
serve  as  a  series  of  blocks  to  movement  of  these  compounds. 

Hay  and  Thimann  (89)  found  little  or  no  translocation  of  growth 
regulators  that  had  been  applied  as  a  basal  spray.      Death  of  tissues,    at 
the  point  of  spray  application,    resulted  in  death  of  the  crown.      The  net 
effect  was  similar  to  that  of  a  girdle.     Sprouting  from  dormant  root- 
collar  buds  seems  probable  unless  the  chemical  is  applied  in  such 
quantities  that  it  flows  down  over  these  buds. 


Seasonal  Effects  of  Growth  Regulators 

The  time  for  most  efficient  chemical  control  of  plants  coincides 
closely  with  the  best  time  for  burning  or  cutting.     Arend  (8)  found  that 
basal  sprays  of  2,4-D  and  2,4,  5-T  applied  in  late  June,    July,    and 
August  "following  full  leaf  development"  were  more  effective  than  those 
applied  at  any  other  season.     Fisher  et  al.    (67)  stated  that  the  best 
control  with  2,  4,  5-T  as  an  herbage  spray    "was  obtained  when  treatments 
were  made  45  to  90  days  after  mesquite  first  began  to  leaf  out.  " 

Other  studies  have  generally  shown  growth  regulators  to  be  most 
effective  during  the  same  general  time  of  the  year.     In  tests  of  2,4,  5-T 
applied  in  frills  on  southern  red  oaks,    spring  applications  gave  by  far  the 
best  crown  kill.£/Chaiken  (38)  observed  that  trees  were  killed  more 
rapidly  with  2,4,  5-T   frills  and  sprays  just  prior  to  leafing  out. 
Campbell  and  Peevy  (3_5,    36)  found  that  "2,  4-D  was  most  effective  on 
trees  in  spring,  "    particularly  in  April.      Waldrip  (213)  noted  that  ap- 
plications of  2S4-D  and  2,4,  5-T  to  oaks  and  yaupon  generally  gave  better 
kills  in  spring  than  in  fall.      The  ammonium  salt  of  2,  4-D,    used  as  a  soil 


2/     Grano,    C.    X.      1953.      Unpublished  report  on  file  at  Southern  Forest 
Experiment  Station. 
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sterilant,    controlled  lawn  weeds  more  effectively  in  May  than  in 
July  (129)»     Late  May  and  early  June  were  the  best  times  for  applying 
growth  regulators  to  Ribes  (162).      Kissinger  and  Hurd  (107)  found 
spring  the  best  season  to  apply  2,  4?  5-T  to  sagebrush.      Cornelius  and 
Graham  (46)  found  that  late  bloom  is  a  better  stage  than  early  bloom  for 
treating  mountain  buttercup  with  2,  4-D. 

Although  the  basic  mechanism  of  action  is  similar,    all  of  the 
phenoxy  compounds  do  not  necessarily  function  most  efficiently  at  the 
same  phenological  stages,     in  controlling  big  sagebrush  it  was  found 
that  low-volatile  esters  of  2,  4-D  and  2,  4,  5-T  could  be  applied  several 
weeks  earlier  than  the  high-volatile  ones  with  equally  good  results  (107). 

When  growth  regulators  are  applied  to  dormant  woody  plants, 
they  tend  to  accumulate  in  buds  nearest  the  tip  and  are,    in  part,    metabo- 
lized to  other  compounds  before  the   start  of  spring  growth  (222).      In  any 
season,    the  chemical  should  be  applied  as  close  to  the  bud  as  possible, 
so  as  to  obtain  maximum  accumulation  of  chemicals  and  kill  (169). 

Beatty  (17)  and  Mcllvain  and  Savage  (136)  point  out  that  the  best 
time  to  apply  growth  regulators  is  when  the  food  supply  is  lowest.     When 
reserves  are  low,    depletion  of  carbohydrates  and  death  are  more  likely 
to  occur   than  when  reserves  are  abundant,,      Rhodes  (178)  summarized 
the  situation  with  this  statement:     "For  perennial  plants,    conditions 
might  be  expected  to  be  optimal  for  the  application  of  MCPA    |2-methyl- 
4-chlorophenoxyacetic  acid|  in  late   spring  at  a  time  when  the  first  flush 
of  growth  is   slowing  down  and  before  any  appreciable  new  reserves  of 
carbohydrate  have  been  accumulated.  " 


Adjuvants  Used    With  Growth  Regulators 

Hitchcock  and  Zimmerman  (94)  stated  that  ".  .  .  more  effective 
general-purpose  herbicides  than  those   used  to  date  are  likely  to  contain 
more  than  one  hormone,    at  least  one  toxicant   |a  contact  poison  such  as 
pentachlorophenol  j,    and  additional  adjuvants  which  are  effective  as    ■ 
wetting  agents,    solubilizer s,    penetrants,    emulsifier's,    and  stickers.  " 
They  used  Benechlor,    ammonium  triocynate,    ammonium   sulfamate, 
diallyl  maleate,    and  sodium  bicarbonate  in  combination  with  2.,  4-D.  the 
combination  gave  a  better  kill   than  2,  4-D  alone.     Addition  of  a  contact 
herbicide  seemed  to  alrer  the  permeability  of  the  plant  tissues  and 
hastened  the  penetration  of  2,  4-,D.      Hance  (83)  used  pentachlorophenol 
for  this  purpose.      Zimmerman  ( 2 35 )  demonstrated  that  penetration  of 
growth  regulators  was  aided  by  a  flowing  agent.      Kelly  and  Avery  (104) 
said,    "In  the  presence  of  dinitrocresol,    the   stimulation  of  respiration 
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by  2,  4-D  is  additive.  "     Other  workers  have  also  found  that  herbicides 
are  more  efficient  in  combination  than  singly  (153,    125).      Chemicals 
with  potentialities  for  use  in  combinations  should  be  freely  tested.    Only 
by  bioassay  on  specific  plants  can  the  useful  mixtures  be  determined. 

There  has  been  no  general  agreement  as  to  the  effectiveness  of 
oil  versus  water  carriers.     In  some  cases  oil  emulsions  have  given  the 
best  results  (156),    while  at  other  times  water  carriers  have  been 
equally  effective  (135).      Oil  seems  always  to  be  at  least  as  good  as 
water,    and  much  of  the  time  it  is  better. 

Wolf  et  ah    (229)  found  a  strong  interaction  between  the  nitrogen 
level  of  the  soil  and  the  reaction  of  plants  to  2,  4-D.      They  said,    "The 
2,  4-D  treated  plants  receiving  high-nitrogen  solutions  were  dead  14  days 
after  the  2,  4-D  treatment  was  begun.     At  this  time  the  medium-nitrogen 
plants  showed  severe  chlorosis  of  leaves  and  stems,    and  splitting  of  the 
stems,    whereas  the  low-nitrogen  plants  showed  only  mild  chlorosis.  " 
The  higher  mortality  of  plants  growing  under  high-nitrogen  conditions 
may  be  due  to  the  smaller  amount  of  reserve  carbohydrate  to  be  de- 
pleted before  hydrolysis  of  proteins  and  death  take     place.     Frieberg 
and  Clark  (70)  found  a  faster  visible  reaction  in  high-N  plants  than  in 
low-N  plants  after  treatment  with  2,  4-D.      Urea,    used  as  a  nitrogen 
source  in  foliage  applications,    was   50  percent  absorbed  within  a  few 
hours  of  application  (29).      Urea  and  2,  4-D  mix  well  in  solution  (128), 
This  suggests  the  advisability  of  testing  2,  4~D  and  the  other  phen- 
oxyacetic  compounds  with  some  form  of  soluble  nitrogen  as  an  adjuvant. 
If  death  from  2,  4-D  application  occurs  because  of  reserve  depletion,  the  ad- 
dition of   immediately  available  nitrogen  could  shorten  and  intensify  the 
period  of  carbohydrate  mobilization. 

Carbohydrates  mobilized  by  sub-lethal  amounts  of  2,  4-D  may  be 
used  in  protein  synthesis  (176).      Sell  et  al,       (189)  found  a  great  increase 
of  protein  and  ammo  acids  in  the  stem  tissue  of  plants  treated  with  2,  4-D. 
Greater  amounts  of  nucleic  acid,    a  protein  precursor,    have  also  been 
found  in  Z3  4-D-treated  plants  (175).     An  increase  in  the  protein  content  of 
wheat  seeds  was  noted  after  treatment  with  moderate  amounts  of  2,  4-D 
(64).     Smith  (194)     applied  2,  4-D  to  bean  plants  and  reported  a  marked 
accumulation  of  nitrogen  in  the  meristematic  regions, where  protein- 
forming  activity  is  intense. 
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CONCLUSIONS 

1.  Each  spring,    carbohydrate  root  reserves  of  grasses,    herbs,    and 
some  trees  are  utilized  in  the  vegetative  growth  of  tops.     Some 
woody  plants  may  have  enough  food  stored  in  stems  and  branches  so 
that  root  reserves  are  not  used  in  top  growth. 

2.  Depletion  of  reserves  continues  until  the  photosynthetic  area  of  leaves 
is  large  enough  to  furnish  all  carbohydrates  required  for  growth. 

3.  Accumulation  of  root  reserves  then  resumes,    with  the  strongest 
period  of  accumulation  taking  place  after  maturation  of  the  leaves. 
The  largest  reserve  is  found  immediately  prior  to  the  end  of  the 
growing  season. 

4.  Root  growth,    which  also  makes  use  of  root  reserves,    can  take  place 
before,    during,    or  after  the  main  period  of  stem  growth,    depending 
upon  the  species. 

5.  During  the  dormant  season,    respiration  causes  a  small  but  con- 
sistent loss  of  carbohydrate  reserves  in  roots. 

6.  The  annual  march  of  carbohydrate  reserves  in  some  evergreen  plants 
is  reversed  from  that  of  top-  and  leaf-deciduous  plants.      Just  prior 
to  winter  "dormancy"  the  roots  of  these  plants  have  the  smallest 
reserve  of  the  entire  year. 

7.  When  a  plant  is  defoliated,    its  root  reserves  are   used  in  new  top 
growth.      Repeated  defoliation  can  exhaust  these  reserves  and  kill  the 
plant. 

8.  Top  removal  at  seasons  when  root  reserves  are  lowest    is     usually 
most  effective  in  killing  or  weakening  plants. 

9.  Low-nitrogen  plants  are  usually  less  subject  to  reserve  depletion 
than  high-nitrogen  plants. 

10.  The  conditions  most  favorable  for  effective  growth-regulator  action 
are  also  those  most  favorable  for  good  plant  growth.      The  phytocides 
are  translocated  in  association  with  carbohydrates. 

11.  Growth-regulator  phytocides  usually  bring  about  a  lowering  in  the 
amount  of  carbohydrate  reserves,    in  addition  to  other  effects. 
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12.  Depletion  of  reserves  may  or  may  not  be  a  cause  of  death  after 
treatment  with  growth  regulators,    depending  upon  the  amount  of 
reserves  and  the  rapidity  of  other  plant  responses  to  treatment. 

13.  The  time  of  year  for  most  efficient  use  of  growth-regulator  phy- 
tocides  corresponds  closely  with  the  time  of  year  for  best  eradi- 
cation by  top  removal. 

14.  Used  in  combination,    phytocides  may  be  more  effective  than  when 
used  singly. 
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PREFACE 


In  any  complex  field  of  forestry  such  as  regeneration,  one  of  the  most 
important  research  jobs  is  periodically  to  enumerate  and  crystallize 
problems  facing  practicing  foresters,  summarize  literature  which  may 
throw  light  on  these  problems,  and  single  out  the  particular  problems 
meriting  most  vigorous  or  earliest  attack. 

In  the  Forest  Experiment  Stations  of  the  U.  S.  Forest  Service,  a  report 
of  this  phase  of  research  is  commonly  referred  to  as  a  "problem  analy- 
sis" or  "project  analysis."  The  utility  of  such  a  document  may  be  very 
high.  A  problem  analysis  prepared  in  193^;  for  example,  laid  the  foun- 
dation for  the  research  which  made  possible  the  publication  of  U.  S. 
Department  of  Agriculture  Monograph  18,   "Planting  the  Southern  Pines." 

The  authors  of  the  present  paper  have  analyzed  the  problems  in  a  field 
at  once  broader  and  more  specific  than  that  reviewed  in  the  Monograph. 
Although  they  have  confined  themselves  primarily  to  loblolly  and  short - 
leaf  pines,  they  have  enlarged  the  scope  of  their  work  to  include  not 
only  artificial  regeneration  of  these  species,  but  natural  regeneration 
as  well.  At  the  same  time,  they  have  concentrated  attention  on  the 
problems  of  regeneration  in  east  Texas --a  dry  tension  zone  on  the 
western  limits  of  the  range  of  the  southern  pine  types,  where,  in  the 
absence  of  special  knowledge  and  skill,  both  natural  reproduction  and 
planting  succeed  much  less  regularly  than  in  the  better  watered  portions 
of  the  South. 

Although  the  literature  reviewed  in  this  paper  includes  many  titles 
cited  in  Agriculture  Monograph  18,  the  authors  have  evaluated  these 
publications  in  the  light  of  different  needs  and  applications.  They 
have  added  numerous  references  on  natural  reproduction,  together  with 
others  on  climatic  and  forest  conditions  peculiar  to  east  Texas  and  some 
references  on  artificial  regeneration  more  recent  than  any  cited  in  the 
Monograph. 

In  its  original  form,  this  paper  was  drawn  up  as  a  guide  to  the  formula- 
tion of  a  U.  S.  Forest  Service  program  of  research  on  natural  and  arti- 
ficial regeneration  of  loblolly  and  shortleaf  pines  in  east  Texas.  In 
that  form,  it  necessarily  included  numerous  details  of  concern  only 
inside  the  Forest  Service  organization.  The  present  version  omits  these 
details.  The  scope  and  excellence  of  what  remains  should  interest  and 
be  helpful  to  foresters  not  only  in  east  Texas  but  wherever  pine  re- 
generation is  a  problem. 


Philip  C.  Wakeley 
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PINE  REGENERATION  PROBLEMS  IN  EAST  TEXAS: 
A  PROJECT  ANALYSIS 

E.  R.  Ferguson  and  Go  K.  Stephenson 
Southern  Forest  Experiment  Station 


After  fifty  years  of  experience  in  the  Texas  pine  belt,  foresters  have 
yet  to  learn  how  to  establish  pine  forests  when  and  where  they  are 
wanted-  During  dry  seasons  there  are  widespread  failures  of  "both 
natural  and  artificial  regeneration,  regardless  of  site.  On  vast  areas 
of  droughty  site  no  method  of  regeneration  has  yet  proved  dependable, 
even  for  average  climatic  conditions. 

Extensive,  well-stocked  evenaged  forests,  successful  plantations,  and 
abundant  sapling  growths  may  seem  to  belie  these  statements.  Vast  and 
increasingly  intensive  forest  enterprises  are  prospering  on  growing 
stock  that  reflects  successful  regeneration  in  the  past.  Yet  with  few 
exceptions  these  stands  have  been  achieved  fortuitously,  perhaps  at 
opportune  moments  in  climatic  cycles,  on  the  region's  more  favorable 
soils.  Where  soils  are  poor,  where  competition  is  sharp,  when  seed  is 
scarce,  or  when  summer  drought  is  severe,  foresters  are  generally  power- 
less to  establish  stands  of  pine.  So  prevalent  have  been  such  condi- 
tions that  prompt  and  satisfactory  regeneration  has  been  scarce  during 
the  past  decade,  even  following  forestry  cuttings. 

Of  10.8  million  acres  of  commercial  forest  lands  in  east  Texas  (l),i/ 
1.6  million  are  in  need  of  regeneration.  A  large  part  of  the  region's 
1.4  million  acres  of  upland  hardwoods  should  be  producing  pine,  On  6.4 
million  acres  of  short leaf -loblolly-hardwood,  efficient  forest  manage- 
ment requires  prompt  regeneration  after  harvest  cuttings.  In  an  area 
where  well  stocked  pine  forests  produce  $5  to  $10  per  acre  annually, 
and  where  tens  of  millions  of  dollars  in  current  investment  are  predi- 
cated on  such  production,  research  must  find  means  to  achieve  the 
necessary  stocking.  As  forestry  practices  become  more  intensive, 
management  becomes  increasingly  ready  to  spend  money  to  restock  idle 
land,  and  to  minimize  unproductive  regeneration  periods. 

The  job  of  research  is  to  provide  the  information  needed  If  such  money 
is  to  be  used  most  effectively.  It  means  assessing  the  results  of 
workers  in  other  areas,  testing  and  adapting  them  locally,  doing  basic 
research  where  knowledge  is  still  lacking,  and  trying  out  methods 
based  on  the  results.  This  analysis  is  an  attempt  to  chart  an  effici- 
ent approach  to  the  research  work  to  be  done. 

1/  Underscored  numbers  in  parentheses  refer  to  Literature  Cited,  p.  46. 


PHYSICAL  SETTING 

Occupying,,  as  it  does,  the  extreme  western  portion  of  the  Gulf  Coastal 
Plain,  east  Texas  is  in  many  respects  a  counterpart  of  the  vast  pineries 
farther  east.   In  geologic  history,  soil  materials,  topography,  and 
timber  types,  the  various  sections  of  the  region  duplicate  analogous 
areas  as  far  east  as  Georgia.   It  follows,  therefore,  that  in  large 
measure  regeneration  problems  in  east  Texas  parallel  those  of  other  por- 
tions of  the  Coastal  Plain. 

The  uniqueness  of  east  Texas  regeneration  problems  arises  primarily  from 
the  degree  to  which  regeneration  is  influenced  by  a  capricious  climate. 
Though  quantity  and  distribution  of  rainfall  are  generally  adequate  for 
vigorous  tree  growth,  summer  droughts  are  frequent.   These  droughts 
rarely  kill  standing  timber  (as  in  1952  and  195^-),  but  nearly  every  year 
there  is  at  least  one  dry  period  that  is  a  hazard  to  young  seedlings. 

Forest  Types 

Of  the  five  major  forest  types  of  the  South  (l),  four  occur  in  east 
Texas  (fig.  l).   These  are  upland  hardwoods,  bottomland  hardwoods,  long- 
leaf  pine,  and  short leaf -loblolly  pine.   The  latter,  as  mapped  region- 
ally, also  includes  areas  classed  as  shortleaf -loblolly  pine -hardwoods. 

The  longleaf  pine  type  comprises  less  than  10  percent  of  the  forest  land 
of  east  Texas.  Because  of  its  similarity  to  comparable  lands  across  the 
Sabine  River,  its  regeneration  problems  are  primarily  the  concern  of  the 
Southern  Forest  Experiment  Station's  Research  Center  at  Alexandria, 
Louisiana.   The  East  Texas  Research  Center's  work  with  the  longleaf  pine 
type  may  be  confined  to  tests  and  adaptations  of  findings  of  the 
Alexandria  Center,  except  where  it  seems  desirable  or  inevitable  that 
loblolly  or  shortleaf  replace  longleaf. 

Some  18  percent  of  the  commercial  forest  land  in  east  Texas  is  occupied 
by  bottomland  hardwoods.   Here  there  is  no  pine  regeneration  problem 
except  as  need  may  arise  to  convert  certain  classes  of  bottomlands  from 
hardwoods  to  more  profitable  pine.   This  special  problem  is  outside  the 
scope  of  this  analysis. 

The  upland  hardwood  type  includes  extensive  areas  which  formerly  sup- 
ported pine  stands,  as  well  as  more  typical  native  post  oak. All  together 
such  stands  comprise  about  13  percent  of  the  commercial  forest  area. 
Heavy  cutting  and  inadequate  pine  regeneration  are  probably  increasing 
their  area. 

The  remainder  of  the  forested  area,  some  60  percent  of  the  region,  is 
occupied  by  stands  with  varying  amounts  of  shortleaf  and  loblolly  pine, 
either  singly  or  in  mixture.   Loblolly  predominates  in  such  stands  in 
the  southern  portion  and  along  stream  courses  in  most  of  the  region.   On 
drier  uplands  shortleaf  predominates,  especially  toward  the  north. 
Hardwood  components  vary  from  insignificant  understories  of  tolerant 
shrubs  to  heavy  admixtures  of  oaks,  hickories,  and  red  gums  (265)- 


Figure  1. --Major  forest  types  of  east  Texas. 
Bottomland  hardwoods,  not  shown  on  map,  border 
most  major  streams. 
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Physiography  and  Soils 

The  east  Texas  pine  belt  is  a  Coastal  Plain  of  tertiary  and  quaternary 
deposits  (80).   The  strata  have  a  slight  seaward  dip;  the  youngest  is 
exposed  at  the  coastline  and  successively  older  sediments  outcrop  in 
roughly  parallel  bands  to  the  northward.   Topography  ranges  from  almost 
flat  at  the  coast  to  sharply  rolling  in  parts  of  the  interior.   In 
general,  relief  is  greatest  where  permeable  or  partly  consolidated 
strata  have  resisted  erosion,  while  outcrops  of  clays  and  other  softer 
material  are  marked  by  interior  plains . 

Carter  (^3)  describes  the  soils  of  the  east  Texas  timber  country  as 
"mainly  fine  sands  and  fine  sandy  loams.   The  surface  soils,  mostly 
light  in  color,  as  a  rule  are  underlain  by  subsoils  that  are  heavier 
than  the  surface  layers. .. .The  subsoils,  mostly  of  clay  or  sandy  clay, 
differ  greatly  in  color  and  structure . ...  As  a  rule,  all  of  the  soil  and 
subsoil  layers  are  of  acid  reaction." 

At  higher  elevations  and  where  relief  is  greatest,  soils  are  generally 
well  to  excessively  drained  and  subsoils  are  friable  and  permeable. 
Low-lying  flats  tend  to  have  poor  internal  drainage,  often  with  dense 
plastic  subsoils,  although  in  some  instances  such  topography  is  charac- 
terized by  deep  fine  sands  of  low  waterholding  capacity.   Undissected 
uplands  often  have  deep  sandy  soils  on  which  vegetation  suffers  from 
drought . 

Frost  (89)  classifies  the  soils  of  the  region  as  follows:   "(l)  33  per- 
cent of  well  drained  sandy  loams  and  loamy  sand  with  friable  permeable 
subsoils  (mainly  Bowie,  Ruston  and  Kirvin  soils),  (2)  lh   percent  of 
similar  but  slowly  drained  soils,  mainly  in  the  Flatwoods  of  south- 
eastern Texas  and  originally  occupied  by  longleaf  pine  (mainly  Caddo, 
Segno,  and  Angelina  soils),  (3)  23  percent  of  well  drained  sandy  loam 
and  loams  with  clay  subsoils  (mainly  Boswell,  Sawyer,  and  Susquehanna 
soils),  (h)   7  percent  of  loose  deep  sands  (mainly  Lakeland  soils), 
(5)  6  percent  of  gray  wet  loams  with  heavy  clay  subsoils,  comprising 
pine-oak  and  postoak  flats,  mainly  in  Red  River  and  adjoining  counties 
(Lufkin  soils),  (6)  k   percent  of  redlands  originally  forested  mainly 
with  red  oak  and  sweet  gum  (mainly  Nacogdoches  soils),  and  (7)  13  per- 
cent of  bottomlands  (mainly  Bibb,  Iuka,  Ocklockonee,  Trinity,  and 
Kaufman  soils)..." 

Climate 

The  normal  climate  of  east  Texas  is  conducive  to  rapid  growth  of  pine 
timber.   Normal  rainfall  varies  from  about  ko   inches  at  the  western 
border  to  more  than  50  inches  at  the  mouth  of  the  Sabine  River  (276) . 
Minimum  recorded  rainfall  has  been  below  25  inches  at  only  a  few 
stations.   Normal  distribution  of  rainfall  is  also  favorable,  with  about 
the  same  amount  to  be  expected  in  each  of  the  12  months  of  the  year. 
Average  annual  temperature  at  Nacogdoches  is  66-5?  averages  for  January 
and  July  being  48.1  and  8l.6,  respectively. 


Climate  is  a  factor  in  pine  regeneration  in  east  Texas  because  of  varia- 
tions from  normal,   Twenty-five  years'  records  at  four  typical  east 
Texas  points2/  reveal  that  growing -seas on  droughts  exceeding  22  days  in 
duration  have  occurred  in  every  year  (fig.  2).   In  half  the  years  at 
least  one  station  experienced  drought  lasting  ko   days  or  more. 3/  On  the 
average ,  each  point  experienced  a  drought  exceeding  30  days  in  11  of  the 
25  years .   While  accurate  knowledge  of  the  ability  of  young  pines  to 
withstand  drought  on  specific  sites  in  this  region  is  limited,  droughts 
will  probably  be  a  hazard  on  severe  sites  nearly  every  year,  and  on  the 
best  sites  they  may  well  be  critical  in  nearly  5  years  out  of  10. 


REGENERATION  IN  EAST  TEXAS  FORESTRY 

Forestry  in  east  Texas  is  still  in  its  infancy.  For  two  decades  or  more 
foresters  have  worked  with  the  stands  as  they  found  them.   They  have  re- 
moved the  culls  and  the  overmature;  where  necessary  they  have  thinned; 
and  they  have  demonstrated  that  they  could  grow  timber  at  a  profitable 
rate  on  what  they  left.   In  recent  years  they  have  shown  that  release  of 
suppressed  pines  from  hardwood  competition  is  profitable,  and  tens  of 
thousands  of  acres  are  being  "TSIed"  each  year. 

All  of  this  is  good  forestry  and  a  credit  to  the  businessmen  and  for- 
esters who  have  accomplished  it.   But  it  is  only  a  beginning.   So  far  it 
has  been  possible  to  measure  success  by  the  growth  on  trees  that  were  on 
the  ground  when  the  foresters  took  over.   The  time  is  near  when  stands 
will  have  to  be  reproduced — when  success  will  have  to  be  measured  in  new 
trees  established. 

There  is,  of  course,  some  successful  experience  in  this  direction.  A 
good  many  million  trees  have  been  planted  on  old  fields  and  on  longleaf 
cutovers  with  some  notable  successes,  particularly  on  the  national  for- 
ests.  There  have  also  been  some  notable  failures,  though  statistics  on 
surviving  trees  are  rarer  than  nursery  production  reports.  Foresters 
report  almost  universal  failures  of  plantings  throughout  the  area  in 
1952,  1953>  and  again  in  195^-  On   some  industrial  and  national  forest 
cuttings  an  adequate  stand  of  regeneration  is  established,  particularly 
near  the  coast.   In  some  cases  seedlings  have  come  in  since  the  cutting-- 
in  others  they  were  already  established.   On  thousands  of  acres  cut 
within  the  past  decade,  however,  regeneration  is  not  yet  in  sight. 

The  widespread  reproduction  troubles  in  the  area  are  not  the  result  of 
apathy  nor  unwillingness  to  spend  money  to  get  land  back  into  produc- 
tion.  The  continuing  interest  in  old  field  planting  after  successive 
total  failures  illustrates  the  tenacity  of  popular  interest.   Replanting 

2/  Kirbyville,  Marshall,  Nacogdoches,  and  Huntsville. 

3/  Successive  days  without  0.1  inch  or  more  precipitation,  A  more  ade- 
quate measure  would  reflect  the  inadequacy  of  small  breaks  in  dry 
periods,  the  cumulative  effect  of  repeated  droughts,  and  the  increased 
drought  severity  related  to  high  temperatures. 
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this  winter  on  several  hundred 
acres  of  old  blowdown  (which  had 
failed  to  restock  naturally  after 
9  years)  after  last  winter's 
planting  failed,  reflects  the  de- 
termination of  the  management  of 
one  major  lumber  concern.   The 
spectacular  failure  of  regenera- 
tion on  the  Kurth  Tract  study  (54), 
near  Nacogdoches,   highlights  the 
fact  that  foresters  of  the  East 
Texas  Research  Center  are  no 
better  prepared  than  others  to 
cope  with  the  vicissitudes  of  the 
Texas  climate.   The  information 
required  for  consistent,  success- 
ful establishment  of  new  pine 
stands  in  this  area,   either 
naturally  or  artificially,   is 
not  yet  available. 

That  the  development  of  such  in- 
formation is  an  urgent  forest  re- 
search task  is  obvious .   The 
current  trend  toward  more  inten- 
sive forestry  should  continue  as 
industry  becomes  more  and  more 
dependent  upon  the  products  of 
forest  management.   Not  only  the 
general  public  interest,  but 
business  necessity  will  demand 
that  lands  capable  of  producing 
valuable  pines  be  kept  in  pro- 
duction.  There  is  a  present 
demand  for  methods  of  rehabilita- 
ting the  inhospitable  sites --the 
longleaf  cutovers,  the  sand  hills, 
the  blackjack  and  post  oak  and 
sweetgum  brush-fields.   Demand  for 
methods  of  promptly  regenerating 
productive  forests --means  of 
avoiding  the  uncertainty  and 
waste  of  regeneration  periods -- 
is  rapidly  developing. 


Figure  2. --Duration  of  longest 
growing -season  drought  (March  1- 
December  l) . 
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SCOPE  OF  REGENERATION  PROJECT 

The  problem  of  regeneration  of  pine  in  east  Texas  is  broad  and  presents 
many  aspects.   It  involves  natural  as  well  as  artificial  methods.   It 
begins  with  the  preparation  of  parent  stands  for  seed  production,  and 
ends  only  with  the  young  stand  firmly  established.   It  is  concerned 
with  seed  production,  with  germination,  and  with  seedling  survival,  and 
so  may  involve  studies  of  soils,  of  weather,  of  soil  moisture,  of  the 
physiology  of  seedlings  and  their  relations  to  other  vegetation. 

Within  the  broad  scope  of  the  project  are  a  number  of  phases  which  are 
not  considered  in  detail  in  this  analysis.  For  example,  development  of 
drought -resistant  strains  for  planting  on  dry  sites  is  being  attempted 
by  the  Texas  Forest  Service.   Other  genetic  aspects  of  the  regeneration 
problem  involving  skills  and  facilities  of  a  highly  specialized  nature 
are  being  undertaken  by  the  Southern  Institute  of  Forest  Genetics.!./ 
Similarly,  the  development  of  forest  tree  nursery  techniques  is  beyond 
the  purview  of  the  present  project.   Still  other  phases  of  the  problem 
may  best  be  attacked  elsewhere,  or  in  connection  with  other  work.   Needs 
for  such  studies  will  be  recognized,  but  will  be  discussed  only  as  may 
be  required  to  show  their  relation  to  needs  for  localized  research. 

Similarly,  a  number  of  closely  related  problems  will  be  excluded  from 
detailed  consideration.   Thus,  while  the  relation  of  soils  (and  their 
waterholding  capacity)  to  seedling  establishment  is  a  matter  of  primary 
concern  to  the  project,  the  broader  problem  of  species  selection  for 
specific  sites  is  considered  outside  its  scope.   The  project  will  be 
concerned  with  the  relative  ability  of  loblolly  and  shortleaf  to  become 
established  under  adverse  conditions,  but  other  data  will  be  required 
for  decisions  on  the  overall  merits  of  the  species. 


PROBLEMS  OF  SEED  SUPPLY 

The  first  essential  to  regeneration  of  any  pine  species  is  a  supply  of 
seed,  which  may  be  scattered  directly  by  the  wind,  brought  in  by  arti- 
ficial direct  seeding,  or  sown  in.  nursery  beds  for  later  field  planting. 

Trousdell  (269)  estimates  that  under  average  good  conditions  it  takes 
about  6.6   loblolly  seeds  to  produce  a  seedling  on  cut over  land.   Re- 
quirements for  shortleaf  are  probably  no  less.  Unless  an  ample  seed 
supply  is  available  on  a  seedbed  favorable  to  germination  in  a  year  when 
weather  is  not  too  severe  for  seedling  survival,  there  can  be  no  ade- 
quate regeneration.   Wake  ley  ( 28.1 )  emphasizes  the  irregularity  of 
loblolly  seed  production,  particularly  on  inland  sites.   In  Texas, 
heavy  seed  crops  followed  by  favorable  growing  seasons  have  been  the 
exception. 


V  Maintained  at  Gulf port,  Mississippi,  by  the  Southern  Forest  Experi- 
ment Station. 
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Solutions  to  seed  supply  problems  involve  either  more  efficient  utili- 
zation of  available  seed  or  augmenting  the  supply  on  areas  needing 
reproduction  by  manipulation  of  the  parent  stands,  by  direct  seeding, 
or  by  other  means.   Improving  germination  and  survival  are  essentially 
means  of  using  seed  more  efficiently.   Methods  of  measuring  and  pre- 
dicting seed  supplies  need  improvement  so  that  operations  to  conserve 
available  seed  can  be  planned  effectively.   Other  studies  will  explore 
the  possibilities  of  directly  increasing  the  production  of  seed  by 
trees  and  stands . 

Measurement  and  Prediction  of  Seed  Crops 

Accurate  seed  crop  estimates  of  three  types  are  needed  in  forestry — 
numbers  of  seed  reaching  the  ground  per  acre;  predictions  of  the  above, 
based  on  counts  of  cones,  conelets,  or  flowers;  and  numbers  of  cones 
(and  seed)  on  individual  trees.   The  first  two  types  have  obvious  prac- 
tical uses  in  planning  silvi cultural  operations;  the  third  is  needed 
primarily  in  research  where  response  of  individual  trees  is  required. 
The  second  and  third  types  present  greatest  difficulties,  especially 
where  it  is  not  feasible  to  fell  sample  trees  for  counting  of  cones. 

Sampling  techniques  with  standardized  seed  traps  are  available  (2k,   ^k, 
111,  171)  to  meet  the  need  for  estimates  of  seed  reaching  the  ground. 

Where  predictions  can  be  based  on  examination  of  felled  trees,  they  can 
sometimes  be  made  well  in  advance  of  seedfall.   Allen  (5)  predicted 
Douglas -fir  cone  production  from  counts  of  ovulate  buds  on  felled  trees 
in  the  year  prior  to  maturation  of  cones  and  seeds.   Trousdell  (268), 
working  with  loblolly  in  Virginia,  also  found  it  possible  to  use  conelet 
data  from  felled  trees  in  adjacent  stands  to  predict  the  relative  level 
of  production.  Read  (227)  used  Trousdell' s* method  to  predict  cone 
crops  on  shortleaf  pine. 

Where  future  need  for  seed  trees  precludes  cutting,  the  estimating 
problem  is  more  difficult.  As  Wenger  (287)  has  pointed  out,  cone  or 
conelet  counts  on  standing  loblolly  trees  are  difficult  because  of 
their  inaccessibility  and  small  size,   Shortleaf,  with  still  smaller 
and  more  numerous  cones,  presents  even  greater  difficulties. 

Less  laborious  methods  than  complete  cone  counts  are  needed  for  esti- 
mates on  both  felled  and  standing  trees .  Development  of  sampling 
procedures  will  require  a  fund  of  data  on  cone  occurrence  that  can  be 
obtained  only  by  repeated  counts  under  controlled  conditions.   Much 
more  must  also  be  learned  about  the  use  of  optical  instruments  to 
facilitate  counts  on  standing  trees .  A  further  problem  of  importance 
in  cone  crop  prediction  is  the  variation  in  visibility  as  pistillate 
flowers  are  overgrown  by  needles,  and  as  developing  cones  re-emerge 
from  the  foliage  in  their  second  summer. 
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All  estimates  based  on  cone  counts  must  be  converted  to  numbers  of  seed. 
Since  numbers  of  seed  per  cone  vary  from  year  to  year,  accuracy  requires 
counts  of  seeds  In  sample  cones.   McCulley  (169)  solved  the  problem  of 
obtaining  such  sample  cones  from  standing  trees  by  the  use  of  a  light 
rifle  with  telescopic  sight.   Development  of  better  methods  of  procuring 
representative  sample  cones  is  desirable. 

Seed  Distribution 

Information  on  the  time  and  nature  of  seed  distribution  may  have  such 
practical  applications  as  in  the  spacing  of  seed  trees ,  determining  size 
of  cutting  areas ,  and  timing  of  cultural  measures  like  prescribed  burning 
or  interplanting. 

In  central  North  Carolina,  Jemison  and  Korstian  (128)  and  later  Pomeroy 
and  Korstian  (225)  studied  seasonal  and  areal  distribution  of  loblolly 
pine  seed.   Hebb  (112)  similarly  studied  shortleaf  seedfall  in"  Texas 
during  a  single  heavy  seed  year.   Further  work  along  these  lines, 
covering  both  shortleaf  and  loblolly  with  provision  for  close  correla- 
tion with  weather  phenomena,  is  needed  to  provide  data  on  seed  dispersal 
in  east  Texas . 

Stimulation  of  Seed  Production 

Much  experimental  effort  has  been  devoted  to  attempts  to  stimulate  seed 
production  in  conifers,,  usually  by  release,  fertilization,  or  injury  of 
the  stems.  All  these  approaches  are  based  on  the  hypothesis  that  seed 
production  is  related  to  food  supply.  Release  and  fertilization  aim  at 
increasing  the  food  supply  for  entire  trees.  Stimulation  of  seeding  by 
injury  attempts  to  retain  supplies  of  elaborated  food  in  the  seed- 
producing  parts  of  the  tree.  McCulley  (l68,  170)  reported  in  1953  that 
limited  trials  of  the  injury  methods  at  the  Southeastern  Forest  Experi- 
ment Station  have  not  produced  a  completely  successful  treatment. 

Croker  (63)  in  Alabama  reported  a  fourfold  increase  in  cone  production 
of  longleaf  pine  seed  trees  released  from  competition  32  months  before 
cones  matured.   Allen  (7)  in  Mississippi,  also  working  with  longleaf, 
obtained  significant  increases  both  from  release  and  fertilization. 
Wenger  (288,  289)  observed  similar  response  to  release  in  loblolly,  and 
found  that  this  stimulation  lasted  for  at  least  three  successive  years . 
He  also  pointed  out  that  the  effects  of  release  are  most  marked  on  trees 
which  have  borne  good  crops  before.  Easley  (73.)>  working  in  South 
Carolina,  confirmed  Wenger' s  observations,  but  observed  that  "after 
the  fifth  year  production  falls  off,  and  may  then  follow  the  trend  of 
normal  seed  production ."  No  confirmation  of  these  results  has  been  re- 
ported from  inland  portions  of  the  range  of  loblolly,  though  Guttenberg 
(l06a)  reported  that  on  plots  in  Arkansas  "a  bumper  seed  year  occurred 
in  1939' o. three  growing  seasons  after  release."   Seed -trap  data  from 
east  Texas  shortleaf  stands  released  in  1950  had  shown  no  evidence  of 
cone  stimulation  by  the  end  of  the  195^  season. 
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The  success  of  release  in  stimulating  cone  production  in  coastal  lob- 
lolly appears  so  promising  that  confirmatory  tests  should  be  installed 
in  Texas  despite  the  negative  results  obtained  to  date  in  shortleaf 
stands . 

Selection  of  Seed  Trees 

Much  work  has  been  done,  particularly  with  loblolly,  on  identifying 
the  characteristics  of  trees  that  can  be  expected  to  produce  prolific 
seed  crops  when  left  as  seed  trees.   The  practical  value  of  such  work 
is  obvious.  Downs  (70)  in  19^+7  pointed  out  the  tendency  in  both  lob- 
lolly and  shortleaf  for  seed  production  to  be  concentrated  on  trees 
which  had  evidence  of  previous  seed  bearing.   Pomeroy  (22h)   observed 
a  similar  trend  in  coastal  loblolly,  and  also  noted  that  trees  under 
11  inches  d.b.h.  were  generally  not  good  seed  trees.   The  Southeastern 
Forest  Experiment  Station  (4)  reported  in  1950  that  "other  charac- 
teristics/ such  as  total  height,  crown  development,  and  the  ratio  of 
crown  length  to  total  height  have  not  provided  a  consistent  clue  to 
future  yield."  Grano  (102)  in  Arkansas  also  found  size  and  past  cone 
production  record  the  best  clues  to  future  seed  production,  and  added 
crown  density,  crown  area,  and  tree  age  to  the  list  of  factors  that 
had  not  proved  consistent  indicators. 

Casual  observations  by  many  foresters  in  Texas  confirm  the  finding 
that  past  production  and  tree  diameter  afford  good  indications  of 
future  production  of  seed.   The  principle  can  probably  be  adopted 
with  assurance  in  Texas  timber  marking.   There  is  need,  however,  for 
tests  to  confirm  these  findings  here,  especially  with  shortleaf.  Also, 
since  there  remains  much  unexplained  variation  among  trees  in  their 
capacity  to  produce  seed,  further  efforts  to  identify  additional  in- 
dicators may  well  be  fruitful. 

Factors  Affecting  Seed  Production 

Wakeley  ( 28l )  wrote  in  19)47>  "...Virtually  nobody  'knows  what  makes  any 
tree  bear  seed  one  year  and  not  another.   What  parts,  for  example,  are 
played  by  food  reserves,  carbon-nitrogen  ratio,  weather  at  pollination 
time,  or  drought  the  summer  before  seedfall?  Release  makes  things  even 
more  complex,  and  specific  data  are  lacking.   Where  seed  crops  are  in- 
frequent, who  knows  but  what  released  trees  are  ready,  individually,  to 
bear  a  crop  a  year  or  several  years  before  general  conditions  permit 
any  tree  at  all  to  bear  a  crop...?"   So  long  as  information  is  lacking 
on  these  basic  problems  and  others,  solutions  to  practical  problems  can 
only  be  empirical  and  of  limited  application. 

There  are  many  gaps  in  knowledge  of  the  normal  physiology  of  pollina- 
tion, fertilization,  and  seed  development  (259)  •   Little  is  known  re- 
garding the  manner  in  which  food  supplies  are  related  to  seed  production. 
Only  haphazard  observations  seem  to  have  been  made  on  the  effect  of 
weather,  particularly  at  pollination  time,  on  subsequent  seed  crops. 
Similarly,  drought  may  drastically  reduce  a  cone  crop,  but  more  in- 
vestigation is  needed.   The  role  of  insects  and  rodents  and  the  possible 
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role  of  pathogens  in  reducing  seed  production  have  had  little  attention. 
Several  workers  (128,  267)  have  reported  that  the  percentage  of  viable 
seed  is  usually  low  in  poor  seed  years,  but  the  reasons  for  this  are 
incompletely  understood. 

In  a  word,  there  is  need  for  basic  research  to  get  at  the  fundamental 
physiology  of  seed  development  during  the  2 -year  period  that  elapses 
between  flower  formation  and  seed  maturity.   Specialists  in  genetics 
research  will  of  necessity  delve  into  some  phases  of  this  field.   Other 
specialized  phases  should  perhaps  be  undertaken  elsewhere  than  in  east 
Texas,  wherever  the  requisite  skills  and  facilities  may  be  available. 
The  field  is  so  important,  however,  and  requires  work  on  so  many  facets, 
that  adequate  progress  will  require  major  emphasis  on  such  work  at  the 
East  Texas  Research  Center. 


PROBLEMS  OF  INITIAL  ESTABLISHMENT 

While  under  optimum  field  conditions  as  few  as  3-8  loblolly  seeds  may 
be  needed  to  produce  one  established  seedling  (269),  in  east  Texas  the 
1951  shortleaf  seedfall  of  more  than  1  million  seed  per  acre  resulted 
in  less  than  500  seedlings  per  acre  surviving  until  the  following 
December.   These  extremes  are  perhaps  a  measure  of  the  opportunity  for 
improving  the  efficiency  of  use  of  available  pine  seed. 

Conservation  of  tree  seed  is  a  basic  objective  of  all  regeneration 
systems  whether  by  natural  or  artificial  seeding,  or  by  planting.   Seed- 
bed preparation  to  increase  germination  percentage,  predator  control  to 
reduce  seed  losses,  artificial  direct  seeding,  and  planting  of  nursery- 
grown  seedlings  all  aim  at  more  established  seedlings  from  available 
seed.   Research  in  these  and  related  fields  offers  promise  of  results 
that  can  be  applied  widely  and  effectively. 

Factors  Affecting  Seed  Before  and  Immediately  After  Germination 

Whether  sown  naturally  or  by  artificial  means,  pine  seed  is  subject  to 
enormous  losses,  primarily  to  seed-eating  animals,  before  the  seedling 
stage  is  reached.   In  years  of  heavy  seed  production  such  losses  may  be 
of  little  consequence,  but  when  seedfall  is  light  or  when  dependence  is 
placed  on  artificial  seeding,  losses  to  seed-eaters  may  turn  success  to 
failure . 

A  second  serious  wastage  results  when  seeds  fail  to  become  established 
as  seedlings,  because  of  weather  conditions  or  the  immediate  environ- 
ment in  which  they  fall.   While  weather  is  largely  beyond  control, 
forest  floors  can  be  manipulated  to  increase  seed  use  through  better 
seedbed  conditions. 

Birds . — While  little  has  been  reported  regarding  the  importance  of  seed 
consumption  by  birds  in  natural  regeneration,  many  workers  have  re- 
ported birds  as  constituting  a  major  obstacle  to  successful  direct 
seeding  (3,  38,  61,  {8,    122,  131,  152,  1§2,  183,  18U,  1§5,  2^7,  256,  275) 
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Smith  and  Aldous  (256)  have  listed  some  35  bird  species  that  have  been 
found  to  eat  coniferous  seeds »   Cossitt  (6l)  named  meadow  larks ,  black- 
birds, doves,  and  sparrows  as  the  major  predator  species  in  the  South. 

Mann  (183)  and  Willi st on  (292)  implied  that  birds  are  only  a  minor 
factor  in  direct  seeding  of  loblolly,  and  none  of  the  reports  involving 
direct  /.owing  of  shortleaf  (175;  186,  198,  222)  mentions  birds  as  a 
major  cause  of  failure.   Whether  this  is  due  to  the  smaller  size  of  the 
seeds  or  to  a  different  type  of  country  has  not  been  definitely  estab- 
lished.  Large  flocks  of  migratory  birds  tend  to  concentrate  on  exten- 
sive burns  and  on  open,  cutover  longleaf  pine  sites.   Most  of  the  direct- 
seeding  tests  of  longleaf  have  been  on  such  areas.   Tests  of  loblolly 
and  shortleaf  pine  have  more  often  been  conducted  in  smaller  openings 
or  in  brushy  country.   Excessive  losses  of  seed  of  these  species  to 
birds  are  likely  on  some  regeneration  sites. 

Considerable  effort  has  been  directed  toward  control  of  seed  loss  to 
birds.   Mann  and  Derr  (l86)  have  tested  two  chemical  repellents, 
anthraquinone  and  Morkit,  on  longleaf  pine  seed,  and  report  that  they 
showed  excellent  promise.   Several  authors  (69,  11.0 )  have  reported 
that  covering  the  seed  with  a  thin  layer  of  soil  or  mulch  affords  pro- 
tection against  birds.   Williston  (293)  indicated  that  covering  seed 
spots  with  red-dyed  sawdust  appears  to  have  inhibited  birds  from  eating 
loblolly  seed. 

Since  the  period  of  exposure  to  birds  is  limited,  protection  by  patrol- 
ling is  sometimes  feasible.   On  extensive  direct-seeding  operations 
Mann  (183)  has  recommended  assignment  of  a  competent  man  to  each  200 
acres  to  patrol  for  birds  during  germination.   An  automatic  carbide 
exploder  similar  to  that  described  by  Crowl  (6h)   was  effectively  used 
in  a  tree  nursery  in  Mississippi.   Equipment  of  this  nature  might  pro- 
vide an  economical  adjunct  to  Mann's  recommendation. 

An  appraisal  of  the  extent  of  seed  losses  to  birds  in  east  Texas  is 
needed  to  identify  the  conditions  under  which  remedial  measures  are 
desirable.   Confirmatory  tests  of  the  most  satisfactory  bird  repellents 
and  "deceivers"  should  be  installed  where  the  extent  of  damage  warrants. 

Rodents . --The  literature  on  direct  seeding  is  replete  with  references 
to  rodent  depredation.   Many  investigators  (32,  60,  86,  264)  have  re- 
ported that  the  rodent  factor  alone  has  been  the  cause  of  most  direct - 
seeding  failures.   Smith  and  Aldous  (256)  list   some  hk   small  mammals 
which  were  found  to  eat  coniferous  seed,  but  point  out  that  the  species 
vary  with  the  part  of  the  country  and  the  habitat  involved. 

McCarley  and  Bradshaw  (166)  stated  that  cotton-mice,  Peromyscus  gossypinus, 
are  the  most  common  small  mammals  of  eastern  Texas.   During  1951  and 
1952  McCarley  (l6j+)  made  a  study  of  the  fluctuations  of  P.  gossypinus 
populations  in  eastern  Texas,  and  reported  that  the  peak  of  population 
density  is  reached  during  the  months  of  January,  February,  and  March, 
which  is  the  period  when  pine  seed  is  on  the  ground. 
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McCarley  (165)  also  reported  that  the  wood -mouse  (p„  leucopus ) ,  though 
rare  in  eastern  Texas,  is  restricted  to  the  upland~forest  habitat. 
P.  gossypinus  occurs  predominantly  in  lowland  forests,  hut  daring 
peaks  of  population  density  individuals  are  forced  into  the  upland 
forest.   Trousdell  (ZJl)    studied  the  population  of  small  mammals  in 
Virginia  and  found  that  in  the  uncut  forest  the  rodent  population  was 
small.   By  the  second  year  after  cutting  the  population  was  at  a  peak, 
with  relatively  high  though  decreasing  numbers  during  the  next  few 
years , 

A  variety  of  methods  have  been  employed  to  minimize  seed  depredation 
by  rodents,   Huberman  (122)  separated  them  into  four  general  classes: 
screens  and  other  physical,  barriers;  repellents;  poisons;  and  various 
rodent  "deceivers,"  i.e.,  attempts  to  disguise  or  otherwise  hide  seed. 

Powells  (86)  stated  that  "...Screening  of  the  seed  spots  was  the  only 
consistently  effective  means  of  protecting  the  seed  from  rodents..." 
This  comment  is  supported  by  the  findings  of  Quint us  (226)  and  others 
(122,  194,  232,  256).   Huberman  (122)  pointed  out  that~while  useful  in 
the  development  of  direct  seeding,  screens  have  the  disadvantage  of  too 
high  a  cost  for  extensive  application.   Several  types  of  screens  have 
been  developed  (19^-,  232,  283)  which  seem  practical  in  every  way  except 
from  an  economy  standpoint.   Helmers  (113)  pointed  out:   "There  is  an 
open  field  in  the  development  of  a  cheap  self -disintegrating  screen..." 

Huberman  (122)  in  19^+0  made  the  statement  that  no  satisfactory  chemical 
repellent  had  been  found.   Williston  (292)  reported  the  use  of  certain 
repellents  including  Rosin  Amine  D  Acetate,  Compound  6l2U,  Nuchar, 
Indamine,  Indalone,  and  tetramine,  but  does  not  indicate  that  any  of 
these  solved  the  problem.   Silker  and  Goddard  (255)  found  that  pelleted 
slash  and  loblolly  covered  with  a  coating  of  semesan,  dried  blood, 
keto-succinic  acid,  phosphate,  and  elements  acting  as  possible  rodent 
repellents  gave  an  average  germination  of  60  percent  below  that  of  un- 
treated seed  sown  in  a  similar  manner.   Shaw  (2^-2)  found  tetramine 
effective  in  controlling  rodents,  but  pointed  out  that  as  used  it 
affected  both  germination  and  survival.   He  indicated  that  this  failing 
was  correctable  by  improvement  in  treatment  techniques.   Guttenberg  (106) 
used  a  tetramine -acetone  mixture  and  felt  that  it  resulted  in  little  harm 
to  the  seed;  however,  he  could  not  ascribe  a  definite  advantage  to  its 
use  since  the  rodent  population  seemed  much  smaller  than  the  original 
expectations.  Recent  cooperative  tests  (kk_,    108,  1^7,  2^3,  258)  have 
gone  far  towards  developing  field  techniques  for  use  of  tetramine.   Al- 
though this  chemical  is  no  longer  available,  there  are  indications 
that  similarly  effective  but  less  lethal  chemicals  may  soon  be  developed. 

Poisoning  for  rodent  control  offers  considerable  promise  of  success, 
particularly  for  conservation  of  naturally  sown  seed  which  cannot  be 
protected  by  repellents.   Smith  and  Aldous  (256)  pointed  out,  however, 
that  reductional  control  of  animal  life  in  many  cases  has  been  un- 
successful due  to  the  fast  rate  of  reinvasion  on  controlled  areas . 
Gar lough  and  Spencer  (9^)  felt  that  the  most  effective  and  least  expen- 
sive way  of  controlling  mice  is  with  poisoned  bait.   This  method  of 
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control  has  been  extensively  tested  in  the  West.   Compound  "1080"  (sodium 
fluoroacetate)  (60,  116,  130,  2*J-l)  and  thallium  sulphate  (60,  116,  130) 
have  been  reported  as  satisfactory  poisons  when  used  on  certain  types  of 
cereal  grains . 

McQuilkin  (175)  reported  no  serious  depredation  to  seed  in  spots  covered 
by  pine  branches  0   Hattersley  (llO)  covered  seed  with  porous  paper  and 
with  soil  to  prevent  rodent  damage.   Huberman  (122)  cited  a  study  where 
seed  were  placed  in  gelatin  capsules  and  in  agar  in  wire  tubes,  neither 
of  which  seems  to  have  been  very  effective. 

Much  remains  to  be  learned  about  the  seriousness  of  rodent  usage  of  pine 
seed  in  the  east  Texas  area.   Limited  exploratory  trials  suggest  '.r^i  wide 
variations  in  losses  may  be  associated  with  cover  types.   The  extent  of 
such  losses  of  naturally  sown  seed  should  be  determined,  and  the  possi- 
bilities for  reducing  serious  losses  should  be  explored. 

Moisture  and  temperature. --That  pine  seeds  need  moisture  for  germination 
is  well  known  (61,  175j  226) .   The  normal  winter  rainfall  pattern  in 
east  Texas  affords  abundant  precipitation  during  the  germinating  season. 
Furthermore,  at  the  prevailing  low  temperatures  evaporation  rates  are  not 
high,  so  soils  generally  maintain  rather  high  moisture  contents.  As  a 
rule,  therefore,  moisture  supplies  adequate  for  seed  germination  are 
available  during  most  of  the  period  (November  through  March)  in  which 
germination  occurs.   Such  unusually  dry  periods  as  occur  after  germina- 
tion has  started  are  serious,  however,  because  the  undeveloped  root 
systems  reach  only  the  surface  soil  layers  which  are  the  first  to  lose 
their  moisture. 

Germination  occurs  at  a  wide  range  of  temperatures  above  the  freezing 
point,   in  east  Texas  temperatures  conducive  to  germination  may  occur 
at  any  time  during  the  winter  season.   Chief  difficulty  occurs  when 
weather  changes  subject  germinating  or  recently  germinated  seed  to 
freezing,  or  not  uncommonly  to  lethal  high  temperatures  (6l,  I67,  283) . 
The  extent  of  such  losses  in  the  area  has   not  been  determined.   There 
are  indications,  however,  that  the  bare  seedbeds  advocated  to  improve 
germination  may  be  conducive  zo   excessive  temperature  damages. 

So  far  as  moisture  is  concerned,  the  problem  is  largely  one  of  bringing 
seed  into  contact  with  moist  soil  layers  (discussed  below  in  connection 
with  seedbed  conditions).   The  seriousness  of  winter  drought  losses  of 
germinating  seedlings,  and  possible  corrective  measures,  warrant  special 
study.   The  extent  of  losses  of  germinating  seed  from  lethal  tempera- 
tures should  be  determined.   If  such  losses  are  found  to  be  appreciable 
the  possibilities  of  reducing  them  by  maintaining  partial  cover  should 
be  investigated o 

Seedbed  condition. --The  percentage  of  seed  which  germinates  and  estab- 
lishes roots  is  largely  dependent  upon  the  type  of  seedbed  available. 
Fundamentally  the  seedbed  must  be  such  that  the  seed  is  supplied  with 
rather  constant  moisture,  without  the  exclusion  of  air  or  light,  at 
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temperatures  suitable  for  plant  growth.   Beyond  this,  it  is  necessary 
that  a  more  permanent  moisture  supply  not  cut  off  by  any  impassable 
barrier  be  available  to  the  developing  root.   The  surface  conditions 
which  best  meet  these  requirements  are  not  fully  understood  and  proba- 
bly vary  for  different  tree  species,  soils,  and  climates. 

Improved  germination  as  a  result  of  disturbing  the  forest  floor  has 
been  reported  by  workers  from  many  areas,  including  Osborne  and 
Harper  (208)  working  with  longleaf  and  slash  pine,  Bramble  (31)  with 
Virginia  pine,  Little  (157)  in  "the  New  Jersey  pine  barrens,  and  Tackle 
and  Roy  (262)  in  ponderosa  pine.   Similar  results  were  obtained  with 
shortleaf  pine  by  Attridge  and  Liming  (19)  in  the  Ozarks,  and  Wood 
(297)  in  New  Jersey,  and  with  loblolly  by  Gemmer  (98),  Pomeroy  (223), 
Clark  (52),  Chapman  (51),  and  Trousdell  ( 270 ) .   Methods  of  treatment 
included  removal  of  litter  by  raking,  scalping  off  surface  layers, 
spading,  and  burning. 

Most  investigators  agree  that  exposure  of  mineral  soil  improves  germina- 
tion, while  mats  of  organic  matter  inhibit  it.   Little  and  Moore  (156) 
have  pointed  out  that  the  pine  root  system  is  usually  less  than  an  inch 
long  at  the  time  the  seed  coat  is  shed,  in  contrast  to  many  hardwoods 
whose  large  food  reserves  permit  development  of  5  or  6  inches  of  root 
before  the  leaves  unfold.   Pomeroy  (223)  noted  lower  germination  on 
"poorly  burned"  plots  as  compared  with  areas  where  accumulations  of 
slash  were  burned,  and  credits  the  difference  to  "availability  of 
moisture."  This  would  seem  to  be  in  conflict  with  the  work  of  several 
authors  (V7,  87,  257)  'who  have  reported  that  layers  of  mulch  conserve 
moisture.  Koroleff  ( 13*0  listed  five  detailed  ways  in  which  leaf 
litter  is  detrimental  to  seedling  germination,  but  Foster  (83)  and 
Grano  (lOO,  101 )  reported  good  germination  and  initial  catch  of  white 
pine  and  lob lolly -short leaf  on  litter  seedbeds . 

These  apparent  conflicts  could  perhaps  be  rationalized  if  full  informa- 
tion were  available  regarding  the  circumstances  under  which  the  tests 
were  made,  including  soil  and  weather  conditions,  rodent  populations, 
and  insect  activity.   Practical  use  can  be  made  of  the  available  em- 
pirical observation  that  germination  can  be  improved  by  exposing  mineral 
soil.   Optimum  preparation  to  meet  specific  soils,  cover,  and  climatic 
conditions,  however,  can  be  designed  only  with  data  on  detailed  effects, 
backed  by  knowledge  of  how  and  why  results  occur.  Does  exposure  of  min- 
eral soil  make  moisture  available?  On  what  soils,  under  what  conditions? 
Does  litter  hold  or  dissipate  moisture?   Is  its  adverse  effect  only 
mechanical?  Is  the  benefit  from  burning  due  to  improved  moisture,  or  to 
rodent  control,  or  to  other  factors?  Refinement  of  research  along  these 
and  other  basic  lines  is  needed  for  application  in  east  Texas. 

Much,  of  course,  remains  to  be  learned  regarding  timing,  intensities, 
and  methods  of  site  preparation.   Such  studies  will,  however,  be  con- 
cerned with  the  reduction  of  competition  as  well  as  improving  germina- 
tion, and  will  be  discussed  below  (page  36)..   Needed  studies  concerned 
primarily  with  germination  will  be  of  a  fundamental  nature,  aimed  at 
defining  most  effective  field  germinating  conditions  in  more  precise 
terms. 
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Other  hazards  to  seed  and  germinating  seedlings.  ■ — In  addition  to  the 
more  commonly  recognized  agencies  of  attrition,,  seed  and  young  seedlings 
may  be  lost  by  smothering  under  leaves,  needles,  or  soil,  or  by  drowning 
where  sites  are  subject  to  inundation.   In  east  Texas  tests  in  19 5^  ger- 
minating seedlings  were  frequently  killed  when  covered  by  a  single  oak 
leaf.   Other  enemies  of  recently  germinated  seedlings  are  ants  (see 
page  2n),  cutworms,  and  damping  off  (283).   These  latter  pests,  well 
known  in  forest  tree  nurseries,  are  of  unknown  but  possibly  major  im- 
portance to  natural  and  direct -seeded  reproduction. 

These  and  possibly  other  hazards  to  seeds  and  seedlings  require  appraisal 
as  part  of  the  complex  problem  of  converting  a  maximum  proportion  of 
available  seeds  into  young  trees »  As  their  relative  importance  is  de- 
termined they  should  be  assigned  appropriate  priorities  in  an  investiga- 
tive program,, 

Special  Problems  of  Direct  Seeding 

In  Texas,  as  elsewhere  in  the  South,  direct  seeding  has  seldom  been 
attempted  because  of  the  uncertainty  of  success.   Moderately  successful 
trials  of  the  method  in  some  recent  years,  plus  recently  acquired 
knowledge  on  control  of  seed -eating  animals,  have  revived  interest  in 
this  potentially  economical  method  of  reforestation  (6l,  152).   In  Texas, 
where  seeding  of  pines  is  very  sporadic,  the  method  has  great  possibili- 
ties, not  only  for  reforesting  denuded  lands  but  for  promoting  prompt 
regeneration  in  years  when  seedfall  is  lacking. 

Besides  the  basic  advantage  of  providing  seed  in  times  and  places  where 
nature  has  failed  to  do  so,  direct  seeding  affords  a  number  of  opportu- 
nities to  control  to  advantage  the  conditions  affecting  seed  wastage, 
germination,  and  early  survival.   Research  needs  connected  with  these 
special  opportunities  are  discussed  below. 

Control  of  seed  quality. --Direct  seeding,  even  more  than  nursery  sowing, 
requires  seed  having  not  only  a  uniformly  high  level  of  germinability, 
but  also  high  vitality-- that  is,  ability  to  germinate  vigorously.   A 
high  percentage  of  germination  is  essential  for  control  of  seeding  rates 
and  to  reduce  seed  and  labor  costs.  Exceptionally  high  vitality  is 
essential  to  successful  establishment  on  the  area  to  be  restocked,  as 
field  conditions  affecting  germination  are  characteristically  less  uni- 
form and  less  favorable  than  those  in  nurseries,   Control  of  seed 
quality,  however,  except  as  noted  in  the  following  section,  requires 
less  new  research  than  application  of  processes  already  well  worked 
out.   Correcx  extraction,  dewinging,  and  storage  (283)  are  necessary 
to  keep  filled  seeds  at  a  high  level  of  vitality,  and  several  well- 
proved  types  of  cleaning  mills  are  capable  of  increasing  average  ger- 
mination percent  by  removing  all  but  5  or  15  percent  of  empxy  shortleaf 
and  loblolly  seeds,  respectively.   Sound,  correctly  timed  germination 
tests  (283)  are  invaluable  not  only  in  adjusting  generally  recommended 
sowing  rates  to  the  levels  of  germinability  of  individual  seed  lots, 
but  also  in  revealing  any  needed  improvement  in  the  handling  of  future 
lots. 


-  16  - 


Pre -sowing  treatment  of  seed. — The  length  of  time  seed  is  exposed  to 
rodent  and  bird  attack  Is  an  important  factor  in  the  success  or  failure 
of  direct  seeding. 

Wakeley  (283)  pointed  out  that  while  southern  pine  seed  inherently  is 
capable  of  prompt  and  complete  germination  immediately  after  maturity, 
some  lots  become  more  or  less  dormant,  and  that  this  dormancy  seems 
commonest  and  most  severe  in  loblolly  and  shortleaf .   Stratification 
(exposure  to  moist  media  at  controlled  temperatures)  has  proven  the 
most  successful  pre -germination  treatment  to  break  this  dormancy  (172, 
181,  190,  280,  283,  29^) .   Stratification  for  a  30-day  period  at  temT 
peratures  between  38  degrees  and  ^1  degrees  F.  is  recommended  (283), 
although  other  lengths  of  time  (172,  l8l,  190,  280,  29^)  and  other 
temperatures  (172)  have  been  reported  as  successful.   Gould  and  Reynolds 
(99)  found  that  treating  Douglas -fir  seed  with  "Spergon"  before  strati- 
fication prevented  loss  of  seed  to  mold  infection  and  slightly  improved 
germination.   Ibberson  (126)  recommended  use  of  a  commercial  product 
(Tetramethylthiui.  ~idisulphide)  as  an  effective  means  of  preventing  decay, 
damping-off,  and  other  fungal  infections. 

As  a  substitute  for  stratification,  Rudolf  (23^-,  236)  suggested  cold 
soaking  in  tap  water  for  7  days  at  ^-1  degrees  F.   Barton  (25),  reporting 
on  extensive  trials  of  pre -soaking  on  the  after  ripening  of  seeds,  in- 
dicated that  no  striking  gains  in  germination  percentage  were  demonstrated. 
Wakeley  (283)  has  suggested  that  soaking  would  be  much  cheaper,  more 
convenient,  and  more  flexible  than  chilling  in  contact  with  a  moist 
medium,  and  deserves  systematic  trial.   Robertson  (229)  cautioned  that 
prolonged  soaking  is  bad  for  most  species,  especially  the  conifers. 

Wakeley  (283)  reported  that  various  chemical  stimulants  have  worked 
well  with  seed  of  other  genera,  but  seem  not  to  have  been  tried  with 
southern  pine  seed.   Johnson  (129)  summed  up  the  case  for  chemical 
stimulation  as  follows:   "In  general,  stratification  proved  more  effec- 
tive than  the  chemical  treatments.   It  should  be  borne  in  mind,  however, 
that  chemical  treatments  are  just  beginning  to  receive  attention  while 
many  years  of  effort  are  behind  the  stratification  method ....  There  would 
appear  to  be  little  doubt  that  when  effective  chemical  seed  treatments 
are  perfected,  they  will  in  some  cases  supersede  stratification..." 

Growth -promo ting  substances  have  been  proven  ineffective  in  stimulating 
germination  (.105,  283) . 

No  phase  of  pre-sowing  treatment  of  seed  has  yet  been  adequately  in- 
vestigated.  Work  is  needed  to  determine  how  and  why  stratification  is 
effective,  and  to  define  more  precisely  where  and  when  stratification 
is  needed.   The  possibilities  of  treatment  of  seed  with  fungicides 
prior  to  stratification,  to  reduce  mold  and  the  like,  should  be  investi- 
gated.  Treatment  of  seed  with  fungicides  prior  to  sowing  should  also  be 
studied  as  a  possible  means  of  reducing  damping  off.   Soaking  of  seed, 
as  pointed  out  by  Wakeley,  deserves  systematic  trial.   The  entire 
problem  of  chemical  stimulation  of  southern  pine  seed  is  wide  open  and 
work  along  these  lines  should  be  undertaken. 
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Time  of  sowing. --Unfavorable  conditions  for  germination  and  survival  can 
be  avoided  to  some  extent  by  careful  selection  of  the  time  of  sowing. 
Huberman  (122),  reviewing  experiments  in  widely  dispersed  areas  of  the 
United  States,  pointed  out  that  with  conifers  fall  sowing  has  in  most 
instances  been  found  superior  to  spring  sowing,  because  in  the  fall 
sowing  can  be  done  over  a  considerable  period  during  which  current  soil 
moisture  is  not  of  critical  importance;  and  because  fall  sowing  insures 
that,  as  under  natural  conditions,  seed  will  be  in  the  ground  all  ready 
to  go  as  soon  as  conditions  are  favorable  in  the  spring.   Other  workers 
(175,  184,  201,  255,  291,  292,  295)  have  confirmed  these  findings. 
Williston  (292)  commented  that  the  most  important  element  in  the  success 
or  failure  of  direct  seeding  with  loblolly  pine  is  the  time  of  sowing 
and  that  nature's  time  is  the  best. 

A  disadvantage  of  fall  sowing  is  that  seeds  are  long  exposed  to  bird  and 
rodent  depredation,  Williston  (292)  suggested  that  when  bird  and  rodent 
problems  exist  it  is  desirable  to  sow  stratified  seed  during  wet  periods 
in  February  and  March. 

Williston  (291)  reported  that  in  southern  Arkansas  frost  damage  was  so 
severe  in  early  germinators  from  fall -sown  stratified  seed  as  to  pre- 
clude any  use  of  stratified  seed  in  the  fall,  while  Mann  and  Derr  (187) 
found  the  fall  germinated  slash  seedlings  in  Louisiana  withstood  the  cold 
winter  weather  successfully. 

Confirmatory  tests  are  required  to  determine  optimum  direct-^ owing  dates 
for  Texas,  particularly  in  the  southern  part  of  the  area  where  winter 
climate  is  less  severe  than  in  southern  Arkansas. 

Seedbed  preparation. --While  any  effective  method  of  site  preparation  may 
be  used  to  improve  the  catch  from  direct  seeding,  emphasis  has  been 
placed  on  methods  which  treat  only  part  of  the  area  to  be  regenerated. 
Among  such  methods  are  seedspot  preparation  by  scalping  or  other  means, 
and  such  mechanical  measures  as  disking  or  plowing  in  strips.   These 
methods  are  designed  to  improve  germination  by  exposing  mineral  soil  and 
to  afford  the  young  plants  temporary  freedom  from  excessive  competition. 
They  seek  efficiency  by  limiting  site  preparation  to  a  small  fraction  of 
the  site,  and  applying  seed  only  to  this  prepared  area- 
Disking  or  plowing  in  strips  before  seeding  has  been  a  rather  common 
practice  (68,  69,  152,  183,  199,  2U7,  2^0,  292).   Shirley  (2kj)   attri- 
buted the  effectiveness  of  disking  to  the  exposure  of  mineral  soil  and 
reduction  of  competition  from  surface  vegetation.   Mann  (183)  advocated 
disking  in  light  roughs  on  dry  sandy  sites  as  insurance  against  first- 
year  drought  losses.   Williston  (292)  recommended  disking  during  the  dry 
weather  of  early  fall  to  prepare  for  late  winter  sowing. 

Mann  and  Derr  (185)  compared  burning,  disking,  and  a  combination  of 
burning  and  disking  on  heavy  grass  roughs.   They  encountered  many  diffi- 
culties in  disking  heavy  grass  roughs,  and  recommended  that  disking  be 
done  following  burning.   They  found  that  on  the  test  sites  burning 
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alone,  while  resulting  in  a  good  initial  catchy  did  not  afford  sufficient 
release  from  grass  competition  to  assure  good  survival  and  growth  of 
seedlings . 

Cultivation  or  scarification  of  small  spots  prior  to  seeding  has  produced 
good  results  (86,  110,  197,  199,  226,  230,  250),  although  several  workers 
(222,  2J40)  have  reported  that  cultivation  did  not  increase  germination. 
McQuilkin  (175)  pointed  out  that  scarification  or  scalping  of  seed  spots 
is  essential  on  well-vegetated  areas,  but  of  little  or  no  benefit  on 
eroded,  sparsely  vegetated  sites. 

Until  the  roles  of  the  several  factors  in  pine  germination  and  survival 
are  better  understood,  there  is  little  point  in  attempting  refinements 
in  site  preparation  for  direct  seeding*   Only  when  it  is  possible  to 
appraise  the  relative  importance  of  seed  losses  to  birds  and  rodents, 
germination  failures,  and  seedling  losses  from  a  number  of  causes  will 
it  be  possible  to  plan  for  more  effective  site  preparation  and  test  means 
of  achieving  it.   When  adequate  basic  data  are  available,  however,  re- 
search will  be  needed  to  develop  and  test  equipment  and  methods  for 
efficiently  achieving  optimum  site  conditions. 

Sowing  techniques . --Shirley  (250)  suggested  that  there  is  no  more  cer- 
tain way  of  wasting  a  large  amount  of  seed  and  accomplishing  nothing 
than  to  broadcast  it  on  unprepared  soil.  Development  of  sowing  tech- 
niques has  emphasized  placement  of  seed  on  prepared  ground.   Shirley  re- 
ported satisfactory  results  with  a  mechanical  drill  in  plowed  furrows 
and  with  hand  drilling  in  scalped  spots.   Minckler  (197,  199)  has 
proposed  the  use  of  a  mechanical  seeder  of  the  Planet  Jr.  type  to  drop 
seed  in  a  prepared  furrow.   Muntz  (201)  recommended  sowing  seed  broad- 
cast, using  some  type  of  a  hand-operated  grass  seeder  on  prepared  sites. 

Lewis  (152)  described  a  two-row  mechanical  seeder,  somewhat  akin  to  a 
conventional  corn  planter,  which  was  operated  with  satisfactory  results. 

Several  devices  have  been  perfected  to  deliver  one  or  more  seed  per 
spot  with  a  minimum  of  effort  (132,  26l,  296) .   Roe  has  proposed  sowing 
many  spots  and  few  seed  per  spot  to  avoid  spindly  seedlings  that  result 
where  several  seed  germinate. 

On  extensive  areas  seed  can  be  sown  by  airplane.   Mann  (183)  pointed  out 
that  airplane  seeding  is  fast  and  large  areas  can  be  sown  in  one  day's 
time;  however,  it  is  difficult  to  obtain  uniform  seed  distribution. 
Rudolf  (233,  235)  tested  pelleted  seed  in  an  effort  to  better  control 
distribution  in  sowing.   Silker  and  Goddard  (255.)  found  that  pelleted 
loblolly  and  slash  seed  germinated  poorly,  though  the  reason  for  this 
was  not  clear. 

Improvements  in  sowing  techniques  are  aimed  either  at  distributing  seed 
at  lower  cost  or  at  placing  seed  where  a  larger  proportion  will  develop 
into  trees.   Mechanical  methods  generally  seek  the  first  objective,  hand 
methods  the  second.   Rarely  is  it  possible  to  achieve  both.   In  Texas 
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the  opportunities  for  direct  seeding  embrace  "both  the  open  areas  adapted 
to  machine  methods  and  tree-covered  sites  where  hand  work  is  scarcely 
avoidable „   Improvements  in  both  directions  are  needed,  but  probably 
must  await  additional  basic  information. 

Sowing  rates, --Recommended  sowing  rates  for  the  southern  species  seem  to 
vary  considerably.   Muntz  (201)  recommended  sowing  fresh  seed  of  good 
quality  at  a  rate  of  15,000  seed  per  acre.   Mann  (183) ,   Williston  (292), 
and  Silker  and  Goddard  (255)  suggested  a  pound  of  loblolly  seed  per  acre, 
testing  60  to  70  percent  germination,  with  proportionally  more  if  the 
germination  capacity  is  less-   As  means  are  developed  to  reduce  seed 
wastage,  the  amount  needed  to  achieve  a  given  stocking  can  be  reduced. 

Special  Problems  of  Planting 

Planting  of  nursery-grown  seedlings  avoids  most  of  the  hazards  of  seed 
exposure,  germination,  and  early  seedling  development  by  substituting 
the  controlled  conditions  of  the  nursery  for  the  rigors  of  field  planting 
sites.   Throughout  the  South  it  has  been  the  standard  method  of  artifi- 
cial regeneration,,   With  a  few  notable  exceptions  (among  them,  1952,  '  53; 
'5*0  planting  in  east  Texas  has  been  reasonably  successful  and  has  pro- 
duced many  satisfactory  stands  of  pine. 

While  avoiding  the  chief  hazards  of  natural  and  direct  seeding,  planting 
encounters  the  unique  problem  of  establishing  roots  in  a  new  environment. 
The  foremost  cause  of  loss  among  newly  planted  seedlings  may  well  be  an 
inadequate  tapping  of  the  soil  moisture  supply  by  the  pruned  and  other- 
wise modified  roots .   In  connection  with  this  process  of  transplantation 
arise  research  problems  peculiar  to  planting. 

Class  of  planting  stock. --Capacity  of  seedlings  for  survival  and  growth 
after  planting  varies  widely.   Wakeley  (283)  and  others  have  attempted 
to  define  grades  which  would  segregate  southern  pine  seedlings  on  the 
basis  of  these  capacities. 

During  the  late  1920' s  and  early  1930's  morphological  grades  were  de- 
veloped, based  on  readily  visible  features  such  as  stem  length,  stem 
diameter,  root  length,  and  needle  and  bud  development  (191) .   More 
recently  Wakeley  (282)  demonstrated  the  existence  of  physiological 
grades  reflecting  inherent  ability  of  seedlings  to  survive  and  grow  as 
modified  by  the  conditions  of  moisture  and  mineral  availability  and 
other  environmental  factors  to  which  they  may  have  been  subjected.   Con- 
sidered in  relation  to  inherited  characteristics  of  the  seed,  such  grades 
should  closely  approximate  "true  grades" --the  relative  capacity  of  seed- 
lings for  survival  and  growth. 

May  (191)  and  Wakeley  (283)  suggested  that  physiological  quality  of 
stock  may  be  improved  by  modification  of  the  following  factors:   (l)  soil- 
moisture  tension;  (2)  nutrient  accumulation  and  assimilation]  (3)  food 
accumulation;  (h)   transpiration;  and  (5)  lifting  period.   Allen  (l4)  re- 
ported that  longleaf  seedlings  grown  in  different  soils  differ  in  their 
ability  to  survive  after  transplanting.   Research  in  this  field  is 
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primarily  the  responsibility  of  nursery  management,  localized  research  in 
east  Texas  being  needed  primarily  for  the  field  testing  phases.   The  in- 
vestigations of  basic  survival  factors  proposed  for  study  here  may, 
however,  afford  opportunities  to  contribute  to  production  of  nursery 
stock  with  superior  physiological  quality. 

Treatments  to  improve  survival. --As  Wakeley  (283)  pointed  out,  drought 
(in  the  sense  of  loss  of  more  water  from  the  tops  than  can  be  replaced 
through  the  roots)  is  insidious  in  that  it  may  affect  seedlings  not  only 
through  dry  winds,  heat,  and  lack  of  rain  but  also  through  a  variety  of 
other  factors.   Obviously,  any  treatments  which  can  substantially  alter 
the  rate  of  transpiration  without  otherwise  affecting  the  plants  should 
contribute  to  better  survival. 

Many  workers  have  reported  increased  survival  by  use  of  transpiration 
inhibitors,  such  as  S/V  Ceremul  C,  lanolin-monoethanolamine  stearate,  and 
Dowax  and  its  replacement  D-wax  (6,  12,  17,  18,  95?  189,  266) .   Most  of 
this  work  involved  pre-planting  treatments,  which  would  be  expected  to 
affect  early  survival.   There  seems  to  be  a  need  for  some  treatment  which 
would  be  applied  to  planted  seedlings  in  times  of  stress,  when  it  becomes 
obvious  that  they  are  being  subjected  to  extremes  of  heat,  moisture  de- 
ficiencies, and  the  like.   Little  information  on  the  use  of  transpiration 
inhibitors  in  this  manner  is  reported  in  the  literature.  Allen  (9?  12) 
reported  on  D-wax  spray  treatments  applied  in  March  and  April  on  planted 
longleaf  seedlings;  one  series  of  treatments  improved  early  survival,  but 
by  May  survival  of  the  sprayed  seedlings  was  significantly  less  than  that 
of  the  non-sprayed  seedlings.   In  the  other  test  reported, there  was 
virtually  no  mortality  during  the  first  three  months  following  planting 
and  no  significant  differences  in  the  October  survival  were  apparent  be- 
tween treatments . 

Exploratory  studies  now  under  way  at  the  East  Texas  Research  Center  should 
be  expanded  to  include  some  tests  of  spray  application  of  transpiration 
inhibitors  to  loblolly  and  shortleaf  pines  during  periods  of  excessive 
moisture  stress. 

Needle  clipping  of  longleaf  pine  prior  to  planting  has  been  found  to  in- 
crease survival  (6,  8,  12,  17,  18);  however,  there  is  little  or  no 
information  on  needle  clipping  of  other  southern  pine  species.  Although 
the  form  of  loblolly  and  shortleaf  seedlings  is  much  less  adapted  to 
economical  pruning  than  longleaf,  investigations  should  be  made  into  the 
possibilities  of  needle  clipping  to  improve  survival  of  these  species. 

Shading  seedlings  from  solar  radiation  during  their  first  year  of  growth 
in  the  field  seems  to  have  some  promise.   Allen  (9)  reported  October 
survival  of  shaded  longleaf  seedlings  of  8.3  percent,  as  compared  to  27 
percent  survival  of  those  seedlings  not  shaded.   Similarly,  on  deep 
sands  in  south  Alabama  longleaf  seedlings  survived  a  late  spring  drought 
better  under  scrub  oak  than  in  the  open  (90).   The  results  of  the  first- 
year  exploratory  studies  at  East  Texas  also  seem  to  indicate  direct 
benefits  from  shade.   Whether  such  benefits  result  from,  lower  air  or 
soil  temperatures,  reduced  transpiration,  or  other  effects  remains  to  be 
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determined,,   Since  east  Texas  is  subject  to  intense  solar  radiation  and 
high  temperatures  during  a  good  portion  of  the  early  growing  season, 
the  possibilities  of  using  shade  to  improve  survival  of  loblolly  and 
shortleaf  pine  should  be  explored. 

As  Wakeley  (283)  pointed  out,  the  ability  of  planted  southern  pines  to 
overcome  drought  and  attain  high  initial  survival  seems  to  depend  on 
formation  of  considerable  new  root  tissue  promptly  after  planting. 
Successful  use  of  various  growth-promoting  substances  to  initiate  early 
root -tissue  formation  on  other  plant  species  has  stimulated  tests  of 
these  substances  on  southern  pine  species  (ll,  13j  84,  177 >   178;  209, 
221,  300).   Wakeley  (283)  indicated  that  in  general  the  growth  hormones 
have  failed  to  improve  survival  and  in  several  cases  have  reduced  it. 
Until  more  effective  chemicals  become  available,  further  attempts  to 
secure  better  initial  root  growth  by  such  means  do  not  appear  warranted. 

While  Wakeley  (283)  reported  that  studies  with  slash  and  longleaf  pine 
on  the  Johnson  Tract  in  Louisiana  have  confirmed  the  practice  of  pruning 
root  systems  to  7  or  8  inches  and  of  accepting  seedlings  with  root 
systems  as  short  as  5  inches,  the  possibilities  of  improving  loblolly 
and  shortleaf  survival  by  planting  long-rooted  stock  have  not  been  ex- 
plored.  Fassnacht  (78)  has  recently  installed  such  a  study  using 
several  species  in  the  droughty  sand  hills  of  Florida,   If  preliminary 
results  are  promising,  the  study  would  probably  bear  replicating  in 
east  Texas . 

Scarborough  (238)  and  Allen  (10)  have  found  that  large  longleaf  pine 
seedlings  grown  at  low  densities  in  the  nursery  resulted  in  survivals 
only  slightly  less  than  smaller,  more  acceptable  seedlings,  but  made 
better  subsequent  growth.  This  might  be  construed  as  a  reflection  of 
better  root  growth,   Kozlowski  and  Scholtes  (137)  found  that  the 
greater  elongation  of  roots  and  s  large  root  system  wez&  the  result  of 
increased  photosynthetic  activity.   Other  workers  have  reported  in- 
creased survival  with  large  stock  and  transplants  on  adverse  sites  and 
under  severe  climatic  conditions  (4-9,  50,  85).   Such  leads  could  well 
be  followed  up  as  one  phase  of  the  search  for  planting  stock  capable  of 
survival  on  dry  sites  in  Texas  summer  weather. 

Season  of  planting  could  quite  possibly  have  a  great  deal  to  do  with 
improvement  of  survival  in  drought  years-   Several  workers  (121,  272) 
have  reported  that  root  growth  and  elongation  continues  through  the 
winter,  although  Kramer  (138)  stated  that  in  the  latitude  of  Durham, 
North  Carolina,  root  growth  of  certain  southern  pine  species  ceases  in 
October  and  is  not  resumed  until  late  March,,   If  root  growth  does  con- 
tinue throughout  the  winter  months  in  east  Texas }   then  planting  in  the 
early  part  of  the  season  (December -January)  during  periods  when  moisture 
is  not  generally  a.  limiting  factor  should  permit  seedlings  to  become 
established  and  better  able  to  overcome  drought  conditions  as  they 
appear.   Exploratory  studies  at  the  East  Texas  Research  Center  have  in- 
cluded tests  of  early  and  late  planting,  but  have  not  yet  been  brought 
to  the  point  where  statistical  comparisons  can  be  drawn. 
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Fertilization  of  freshly  planted  seedlings  would  appear  to  offer  promise 
in  the  increase  of  survival,   Allen  (l6)  reported  successful  growth- 
stimulation  of  first -year  natural  longleaf  seedlings  by  placement  of 
fertilizer  in  2-  to  3-i-nch  trenches  located  about  3  inches  on  either 
side  of  individual  seedlings.   In  another  study  Allen  (15)  found  that 
foliage  spraying  with  urea  nitrogen  did  not  affect  growth  of  longleaf 
seedlings.   Wakeley  (283)  has  reviewed  the  work  in  this  field,  in- 
cluding both  fertilization  of  planting  spots  and  introduction  of  ferti- 
lizer in  closing  slits  in  standard  bar  planting,  and  has  concluded  that 
results  to  date  cannot  justify  its  use  on  a  large  scale. 

Planting  techniques . --Wakeley  (283)  stated  that  machine  planting  can  re- 
sult in  survival  as  good  as  hand  planting,  provided  the  machine  used  is 
adapted  to  the  site  in  question  and  the  seedlings  are  set  at  the  proper 
depth.  Recent  improvements  in  machines  and  techniques  have  greatly 
broadened  the  classes  of  sites  which  can  be  machine -planted.   In  general, 
research  should  be  predicated  on  machine  planting  as  standard  procedure 
for  the  majority  of  Texas  planting. 

Site  preparation  prior  to  planting  to  increase  survival  seems  a  promising 
field  of  endeavor,  although  Wakeley  (283),  after  reviewing  the  literature 
on  site  preparation  in  the  southern  t  Coastal  'lain,  has  concluded  that  it 
is  generally  unnecessary.   He  does  comment  though  that  on  some  adverse 
sites  soil  preparation  may  be  more  important  to  initial  survival  than  it 
is  on  the  commoner  sites  on  which  it  has  been  systematically  studied. 
Fassnacht  (79);  drawing  on  experience  in  the  adverse  sites  of  northwest 
Florida,  pointed  out  that  on  sites  with  heavy  competition  some  kind  of 
site  preparation  appears  necessary  for  satisfactory  seedling  survival. 

In  view  of  the  history  of  plantation  failures  during  recent  years,  most 
east  Texas  planting  sites  might  well  be  considered  in  Wakeley* s  "adverse" 
category. 

Underplanting  of  scrub -hardwood  lands  lacking  adequate  pine  seed  source 
is  a  field  which  has  been  woefully  neglected  in  the  South.   Studies  by 
Clark  (53.),  verified  by  experience  in  east  Texas,  have  definitely  indicated 
that  success  is  possible  even  during  years  of  drought.   Considerably  more 
effort  should  be  devoted  to  all  the  aspects  of  site  preparation,  with 
emphasis  on  underplanting.   This  may  be  one  key  to  planting  problems 
during  the  drought  periods  which  seem  to  occur  with  discouraging  frequency 
in  east  Texas . 


PROBLEMS  OF  EARLY  SEEDLING  SURVIVAL 

The  scope  of  this  analysis  has  been  arbitrarily  limited  to  the  first  two 
years  of  the  seedling's  life  in  the  field.   This  period  covers  the 
greatest  concentration  of  hazards  to  which  the  average  tree  is  subjected, 
Furthermore,  it  is  during  this  early  stage  that  the  young  trees  exhibit 
juvenile  characteristics,  markedly  different  in  many  respects  from  those 
of  more  mature  trees.   During  the  first  season  particularly,  and  to  a 
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lesser  degree  during  the  second  year,  the  hazards  to  which  the  seedlings 
are  subjected,  their  requirements,  and  their  reactions  are  peculiarly 
those  of  juvenile  plants.  After  the  second  year  they  have  established  a 
foothold  in  the  plant  community,  and  their  problems  become  more  and  more 
the  problems  of  growing  trees . 

Research  in  this  survival  phase  of  the  regeneration  problem  involves  two 
related  approaches:   investigation  of  the  factors  affecting  young  seed- 
ling survival,  and  the  study  of  means  by  which  the  effects  of  lethal 
factors  can  be  minimized.   In  east  Texas  the  former  phase  includes 
measurement  of  the  effects  and  interrelationships  of  factors  such  as 
biological  hazards,  soil  nutrients,  light,  temperature  extremes,  and 
moisture  on  Texas  pine  species  under  local  weather  and  soil  conditions. 
Much  basic  information  on  these  problems  is  available,  but  local  confirma- 
tion is  needed  on  many  of  them.   In  addition  there  is  need  for  further 
exploration  of  these  basic  fields.  Finally,  there  is  a  major  problem  of 
formulating  and  testing  methods  by  which  basic  knowledge  from  these  and 
other  investigations  can  be  applied  to  improve  survival  of  young  pine 
reproduction. 

Much  that  is  known  of  the  reactions  of  seedlings  to  environmental  factors 
has  come  out  of  attempts  to  explain  what  foresters  have  long  called 
"tolerance."  As  early  as  190^  Fricke's  (88)  experiments  with  trenched 
plots  led  him  to  suggest  that  moisture  rather  than  light  was  the  primary 
factor  in  competition.   Out  of  later  studies  by  Fabricius  (77) >   Tourney's 
trenched  plots  at  Keene,  New  Hampshire  ^reported  by  Craib  (32)  and  later 
by  Lutz  (162)7,  extensive  work  at  Duke  University  (82,  135,  136,  1^1,  1^5, 
207),  and  the  classic  studies  of  Shirley  (2^1,  2_53_)  in  the  Lake  States 
has  come  the  concept  of  independent  effects  from  separate  environmental 
factors,  any  of  which  may  be  critical  under  certain  circumstances  or  at 
particular  periods  in  the  life  of  the  trees. 

Pearson  (213) ,  Horton  ( 120 ) ,  and  McMinn  ( 173 ) >   working  with  western 
species,  emphasized  the  key  role  of  competition  for  moisture  in  first- 
year  survival.   Of  particular  interest  is  the  evidence  of  some  of  these 
authors  and  Mann  (l79>  180)  that  for  many  species  moisture  is  the  factor 
most  critical  to  young  seedlings,  with  an  apparent  increase  in  light 
requirement  with  age . 

Others,  notably  Gast  (96)  who  worked  with  Scot's  pine,  Berkman  (26)  with 
loblolly  in  the  "Lost  Pines  area  of  central  Texas,"  and  Chapman  F+8)  with 
shortleaf,  have  investigated  nutritional  requirements,  and  the  effects 
of  soil  alkalinity.   Their  findings  indicate  preference  for  low  pH  values 
and  tolerance  for  relatively  low  levels  of  nitrogen. 5/   It  seems  improbable 
that  chemical  characteristics  of  sites  will  be  of  importance  on  areas 
needing  regeneration  in  east  Texas.   Nutritional  problems  in  forest  tree 
nurseries,  while  outside  the  present  discussion,  may  be  vitally  important 
to  successful  regeneration  where  planting  must  be  done  on  adverse  sites. 

5/  The  many  studies  of  seedling  nutrition  which  have  been  made  in  connec- 
tion with  nursery  practice  are  omitted,  as  beyond  the  scope  of  this 
analysis . 
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In  a  large  measure,  the  basic  problems  of  early  seedling  survival  lie  in 
the  field  of  plant  physiology.   As  Kramer  (139)  pointed  out,  only  physio- 
logical studies  can  explain  why  changes  in  environmental  factors  produce 
characteristic  effects  on  seedling  behavior.   It  is  only  as  progress  is 
made  in  determining  why,  and  the  details  of  how,  reactions  occur  that 
principles  are  established  upon  which  improvements  in  applied  techniques 
can  be  based. 

Biological  Hazards— ^ 

From  the  time  pine  seedlings  germinate  they  are  subjected  to  attack  by  a 
host  of  enemies . 

Although  hogs  constitute  a  major  problem  in  longleaf  regeneration,  they 
are  not  usually  a  serious  menace  to  loblolly  or  shortleaf .   Peevy  and 
Mann  (218) ,  however,  after  examination  of  plantations  in  LaSalle  Parish, 
Louisiana,  concluded  that  no  southern  pine  species  suited  to  that  area 
was  immune  to  hogs.   No  major  hog  damage  to  loblolly  or  shortleaf  in 
Texas  has  been  reported. 

Sheep  and  goats  sometimes  kill  loblolly,  slash,  and  shortleaf  pine 
seedlings  by  browsing  during  the  first  year  after  planting.   Cattle  may 
kill  newly  planted  seedlings  by  browsing  or  trampling  them  or  by  acci- 
dentally pulling  them  up.   Such  losses  were  serious  in  1953  and  195^ 
where  cattle  concentrations  were  heavy  on  the  Stephen  F.  Austin  Experi- 
mental Forest. 1/ 

Rabbits  cause  frequent  light,  and  occasional  severe,  damage  to  loblolly, 
slash,  and  shortleaf  seedlings.   Recent  studies  in  Louisiana  have  indi- 
cated that  rabbits  can  cause  heavy  damage  to  freshly  germinated  longleaf 
and  slash  seedlings  (6j_,    187,  188) . 

Eastern  pocket  gophers  have  been  known  to  cause  severe  damage  in  Texas . 
Control  by  poison  bait  or  trapping  is  probably  mandatory.   The  Texas 
leaf -cutting  ant  is  another  pest  which  is  prevalent  on  many  planting 
sites.   Control  prior  to  seedling  establishment  is  a  "must." 

Pales  weevil  damage  to  pine  seedlings  in  areas  of  recent  pine  cutting 
has  been  known  to  be  severe.   The  solution  to  the  problem  is  at  present 
unknown;  it  may  be  necessary  to  postpone  regeneration  of  such  areas  for 
from  two  to  three  years . 

There  are  other  insects  and  diseases  which  take  a  toll  of  seedlings; 
however,  none  are  as  spectacular  as  the  ones  mentioned  above. 

6/  Wakeley  (283)  cites  some  102  references  which  pretty  well  constitute 
the  background  of  information  on  this  subject.   Because  of  the  thorough- 
ness with  which  they  have  been  reviewed,  individual  articles  are  not 
cited  here . 
7/  Near  Nacogdoches,  Texas. 
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Continuing  observations  of  experimental  plantings  are  required  to 
appraise  the  seriousness  of  biological  damage  to  seedlings,  particu- 
larly that  caused  by  rodents,  ants,  and  the  pales  weevil.   Improvements 
in  control  measures  for  these  three  pests  are  especially  needed. 
Cooperative  studies  involving  the  specialists  in  entomology  and  in  the 
study  of  rodents  will  be  required. 

Light  as  a  Factor  in  Early  Seedling  Survival 

An  understanding  of  the  role  of  light  in  early  survival  of  loblolly 
and  shortleaf  seedlings  is  necessary  because  the  amount  of  light 
reaching  seedlings  is  subject  to  considerable  control,  and  because 
the  sites  on  which  regeneration  may  be  needed  include  a  wide  range  of 
effective  light  intensities.   Beyond  the  academic  knowledge  that  the 
developing  seedling  requires  light  for  photosynthesis  of  food  necessary 
to  growth  (37);  there  are  needed  measures  of  light -intensity  require- 
ments, and  an  understanding  of  interrelations  between  need  for  light 
and  other  environmental  factors . 

Wahlenberg  (278,  279)  approached  the  problem  by  observing  survival  and 
growth  in  forest  openings  of  varying  size   His  results  reflect  the 
combined  effect  of  competition  for  light,  water,  and  nutrients.   Mann 
(l8o)  later  showed  an  independent  effect  of  light  on  seedlings  over  2 
years  old  in  openings  created  by  tying  back  competing  trees. 

Shirley  (2^+5^  2^4-6,  2^8,  2 52)  made  extensive  measurements  of  light  in- 
tensities under  forest  canopies  in  the  Lake  States.   He  found  intensi- 
ties as  low  as  2  percent  to  5  percent  of  full  sunlight  under  closed 
canopies.   Understories  greatly  reduced  the  light  reaching  the  ground, 
reducing  intensity  from  about  20  percent  above  the  understory  to  as 
little  as  1  percent  below  it.   In  other  experiments  he  varied  light 
intensity  independent  of  root  competition,  and  found  that  at  each  level 
of  root  competition  growth  could  be  increased  by  increasing  light,  and 
that  at  each  level  of  light  intensity  it  could  be  increased  by  reducing 
root  competition.   He  observed,  perhaps  significantly,  that  "low  light 
intensity,  through  stimulating  top  growth  at  the  expense  of  root  growth, 
tends  to  increase  susceptibility  to  summer  drought." 

Pearson  (2lU,  215),  experimenting  with  ponderosa  pine  seedlings,  found 
that  they  needed  about  half  of  full  sunlight  for  survival  and  growth. 
He  considers  side  shade  beneficial,  primarily  however  for  its  effect  on 
form  and  branching  habit.   Meagher  (192),  working  with  other  western 
species,  found  no  detrimental  effects  from  half  shade.   Improved  survival 
under  shade  can  probably  be  attributed  to  reduction  in  temperature, 
transpiration,  or  evaporation. 

Relation  of  light  intensity  to  rate  of  photosynthesis  was  studied  in 
controlled  environments  by  Grasorvsky  (103)  using  northern  conifers 
and  hardwoods,  by  Baker  (22)  with  several  coniferous  species,  and  by 
Kramer  and  Decker  (lM)  and  Kramer  and  Clark  (jAg)  using  loblolly  pine 
and  several  hardwoods.   Rates  of  photosynthesis  adequate  to  sustain 
growth  were  found  at  low  light  Intensities.   In  individual  loblolly 
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needles  rates  increased  with  light  intensity  up  to  1/3  full  sunlight, 
"but  did  not  increase  with  higher  intensities-   This  contrasts  with  the 
behavior  of  entire  seedlings  whose  rates  of  photosynthesis  increased 
with  light  intensity  to  practically  full  sunlight.   The  difference  was 
ascribed  to  mutual  shading  by  pine  needles. 

While  none  of  the  studies  of  basic  light  relationships  was  conducted  in 
this  area,  and  only  a  fraction  of  them  with  either  of  the  two  species 
with  which  this  analysis  is  concerned,  the  ability  of  young  conifers  to 
thrive  under  at  least  half  shade  seems  well  established.   There  is 
little  doubt  that  seedlings  of  both  species  will  be  adequately  supplied 
with  light  under  any  degree  of  natural  shade  which  can  be  expected  to 
afford  tolerable  freedom  from  moisture  competition.   It  is  also  fairly 
well  established  that  moderate  artificial  shade  designed  to  reduce 
temperature  or  inhibit  excessive  transpiration  or  evaporation  would 
have  no  adverse  effects.   There  appears,  therefore,  to  be  little  need 
for  further  basic  investigation  of  the  role  of  light  in  seedling  sur- 
vival, except  as  light  may  have  to  be  recognized  in  physiological 
studies  of  other  factors . 

The  Role  of  Temperature  in  Seedling  Survival 

Extremely  high  or  low  temperatures  may  be  expected  to  affect  seedlings 
chiefly  as  they  inhibit  photosynthesis,  water  absorption,  and  root 
growth,  as  high  temperatures  injure  or  kill  above-ground  parts,  and  as 
low  temperatures  kill  tender  tissue  or  separate  roots  from  their  moisture 
supply  by  frost  heaving. 

Relation  to  growth  and  photosynthesis . --Barney  (23)  studied  root  growth 
and  transpiration  of  loblolly  seedlings  under  a  range  of  temperatures 
from  5  degrees  C.  to  35  degrees  C.  (kl   degrees  F.  to  9^  degrees  F.)  and 
found  that  both  peaked  at  about  25  degrees  C.  (76  degrees  F.).   Decker 
(66)  compared  rates  of  photosynthesis  of  red  and  loblolly  pine  seedlings 
at  20  degrees,  30  degrees,  and  k-0   degrees  C.  (68,  85,  10 3  degrees  F.)  and 
found  that,  while  there  was  little  difference  in  rates  between  20  degrees 
and  30  degrees  C,  photosynthesis  decreased  about  ^5  percent  when  the 
temperature  was  raised  to  ho   degrees  C. 

Since  soil  temperatures  above  76  degrees  F.  and  surface  temperatures 
above  100  degrees  F.  may  be  expected  to  occur  frequently  in  east  Texas 
(air  temperatures  were  100  degrees  F.  and  above  on  59  days  in  195*0  > 
there  is  ample  opportunity  for  serious  retarding  of  seedling  growth  due 
to  excessive  temperature.   The  extent  of  such  effects  and  means  of 
minimizing  them  require  investigation. 

Lethal  high  temperatures . --That  surface  temperatures  high  enough  to  be 
lethal  to  seedling  trees  occur  frequently  under  direct  sunlight  has  been 
reported  by  several  authors  (21,  65,  127,  200,  231,  2^9 ) .   This  is  con- 
firmed by  several  workers  who  found  that  wire  screens  used  for  rodent 
protection  increased  survival  by  their  shading  effect  (122,    131,  1^6, 
175,  226)o   Quintus  (226)  also  reported  similar  benefits  from  shingles 
placed  to  shade  seed  spots. 
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Temperatures  at  which  seedlings  (all  northern  or  western  species)  were 
killed  or  injured  in  tests  have  varied  from  about  120  degrees  F.  to  about 
I.55  degrees  F.   Nelson  (20 5)  determined  lethal  temperatures  for  one-year- 
old  needles  of  southern  pines  (excluding  shortleaf)  by  immersion  in  hot 
water ,  immediate  kill  resulting  in  all  species  at  6k   degrees  C.  (1^-6 
degrees  F„).   Exposure  to  52  degrees  C.  (125  degrees  F.)  for  10  to  12 
minutes  was  also  lethal,  with  some  indications  that  pitch  pine  was  more 
tolerant  to  heat  at  this  level  than  loblolly,  longleaf,  or  slash.   It  is 
not  known  whether  these  results,  based  on  needles  from  mature  trees, 
would  apply  directly  to  comparable  needles  from  young  seedlings. 

Since  excessive  air  temperatures  are  more  common  in  east  Texas  than  in  the 
more  northerly  latitudes  in  which  these  observations  were  made,  it  is 
assumed  that  ground  temperatures  as  high  or  higher  may  be  found  here. 
Unless  southern  pines  have  very  remarkable  resistance  to  heat  injury 
this  factor  undoubtedly  contributes  to  summer  mortality,  particularly  of 
first-year  seedlings.   Little  work  has  been  done,  however,  towards  the 
evaluation  of  this  cause  of  seedling  losses,  or  the  segregation  of  such 
mortality  from  losses  due  to  drought.   Experience  in  195^  a~t  "the  East 
Texas  Research  Center,  when  shaded  seedlings  survived  the  summer  drought 
much  better  than  those  exposed  to  the  sun,  suggests  that  an  appreciable 
part  of  the  excessive  summer  losses  may  have  been  due  to  heat  injury. 
Further  research  in  this  direction  should  be  worth  while. 

Low  temperatures . --Wakeley  (283)  reported  that  freezing  seldom  kills 
naturally  reproduced  southern  pines  of  local  parentage  except  in  the 
cotyledon  stage.   Some  mortality  has  been  reported  from  freezing  of 
roots,  or  of  the  soil  around  the  roots,  within  1  or  2  weeks  after  planting. 
More  common  has  been  loss  through  frost  heaving,  which  is  the  lifting  up 
and  exposure  of  seedling  roots  by  soil  movements  accompanying  repeated 
freezing  and  thawing.   Though  most  frequently  reported  in  the  northern 
part  of  the  range  of  the  southern  pines,  such  losses  have  occurred  as 
far  south  as  the  lower  Coastal.  Plain. 

As  is  the  case  with  many  other  sources  of  seedling  losses,  the  extent  of 
frost -heave  damage  in  Texas  is  unknown.   No  trouble  of  this  kind  was 
found  in  frequent  examinations  of  seedlings  planted  and  grown  on  seed 
spots  on  the  Stephen  F.  Austin  Experimental  Forest  during  the  winter  of 
1953-5^-   This  was,  however,  an  unusually  mild  winter,   It  is  probable 
that  such  damage  does  occur  in  severe  seasons,  particularly  in  the 
northeastern  part  of  the  State  and  on  denuded  sites. 

Continuing  observation  of  the  extent  of  frost -heave  damage,  both  at  the 
Research  Center  and  farther  north,  is  necessary.   If  appreciable  damages 
occur,  more  detailed  studies  aimed  at  discovery  of  relationships  between 
frost  heave  and  soils,  topography,  and  ground  cover  should  be  undertaken. 
These  studies  should  lead  rather  directly  to  procedures  through  which 
such  losses  could  be  minimized. 
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Moisture  as  a  Factor  in  Early  Seedling  Survival 

An  unfailing  supply  of  moisture ,  adequate  to  offset  losses  from  transpi- 
ration, is  the  first  necessity  of  most  plants.   Trees  on  upland  soils 
solve  this  problem  by  extending  parts  of  their  root  systems  through  sur- 
face soil  layers  of  fluctuating  water  content  into  more  permanent  water 
supplies  at  deeper  levels.   Tree  seedlings,  until  they  have  established 
contact  with  reliable  water  supplies,  are  dependent  upon  i.he  moisture 
available  to  them  in  the  upper  soil  layers,   This,  fundamentally,  is  why 
soil  moisture  can  be  a  critical  factor  in  pine  regeneration  in  a  region 
where  rainfall  is  fully  adequate  for  growth  of  pine  trees. 

Drought,  according  to  Wakeley  (283),  is  the  most  serious  cause  of  mortality 
of  pine  seedlings,  both  naturally  and  artificially  regenerated.   What 
Wakeley  reported  as  true  of  the  South  as  a  whole  applies  with  particular 
force  to  east  Texas  in  its  position  so  near  the  western  limit  beyond 
which  rainfall  is  inadequate  for  tree  growth.   An  ideal  distribution  of 
the  normal  rainfall  through  the  growing  season  would  perhaps  be  adequate 
for  seedling  survival.   But  when,  as  so  frequently  happens,  one  or  more 
months  have  rainfall  deficiencies,  some  or  all  sites  develop  moisture 
shortages  that  are  lethal  to  young  trees.   It  is  with  phases  of  this 
problem,  more  than  any  other,  that  pine  regeneration  research  in  Texas 
will  be  concerned. 

Climatic  factors. --A  great  volume  of  climatological  data  has  been- col- 
lected in  east  Texas  (2).   Little  of  it  is  in  a  form  which  can  be  related 
directly  to  problems  of  seedling  survival.   It  does  provide,  however,  in 
the  form  of  daily  temperature  and  precipitation  records  the  basic  data 
essential  to  an  understanding  of  the  climatic  stresses  with  which  the 
Texas  forest  manager  is  confronted,   An  adequate  procedure  for  analysis 
of  these  data  to  provide  indices  of  relative  climatic  stress  may  have  to 
await  further  observation  of  seedling  behavior.   Such  analyses  are,  how- 
ever, essential  to  solutions  of  the  regeneration  problem. 

Necessary  also  is  close  correlation  of  experimental  observations  with 
weather  records.   In  Texas  perhaps  more  than  elsewhere  there  is  need  to 
interpret  results  in  terms  of  the  timing  and  severity  of  climatic  phe- 
nomena.  It  is  not  enough  to  observe  that  planting  under  certain  conditions 
resulted  in  high  survival --perhaps  results  would  have  been  different  had 
the  planting  been  followed  by  a  dry  June  instead  of  a  wet  one.   Nor  is 
simple  replication  in  time  an  adequate  solution.   If,  as  seems  to  be  the 
case,  there  is  a  tendency  for  wet  and  dry  periods  to  occur  in  cycles, 
there  is  no  assurance  that  any  reasonable  amount  of  replication  in  time 
will  span  a  "normal"  period  of  years.   Regeneration  research,  more  than 
most  forest  research,  is  confronted  with  a  largely  uncontrollable  variable 
which  must  be  taken  into  account  in  the  design  and  interpretation  of  ex- 
periments.  Standard  weather  measurements  at  central  locations  near  test 
areas  will  be  useful  for  this  purpose.   In  many  instances,  however,  they 
will  have  to  be  supplemented  by  on-site  measurements  of  soil  and  air 
temperatures,  humidity,  wind  movement,  soil  moisture,  etc. 
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A  third  phase  of  climatic  research  of  interest  in  connection  with  the 
regeneration  problem  has  to  do  with  long-range  weather  forecasts. 
Obviously  much  waste  of  effort  in  both  natural  and  artificial  regenera- 
tion could  be  avoided  if  foresters  could  be  told  far  enough  in  advance 
which  seasons  would  be  too  adverse  for  seedling  survival.   Progress  in 
such  forecasting,  even  with  appropriate  allowance  for  over-enthusiastic 
claims  of  some  commercial  forecasters,  justifies  some  hope  that  eventually- 
useful  long-range  forecasts  may  become  available. 

It  is  necessary,  however,  to  recognize  certain  limitations  to  this 
approach.   At  present  only  the  boldest  forecaster  attempts  to  predict 
more  than  three  months  ahead.   Unless  means  are  developed  for  pro- 
tecting seedlings  after  planting,  a  much  longer  forecast  is  required. 
As  a  minimum,  tree  planters  would  need  to  have  by  February  a  prediction 
for  the  critical  June -August  period.   Even  such  a  forecast  would  have 
limited  value.   To  be  fully  adequate  for  regeneration  needs  a  twenty- 
month  forecast  is  necessary.   Thus  a  forecast  in  November  for  the  second 
summer  ahead  is  needed  to  adjust  nursery  production  to  the  prospective 
weather  to  which  seedlings  will  be  exposed  after  planting. 

Research  in  weather  forecasting  is,  of  course,  a  specialized  science, 
beyond  the  scope  of  forestry  research.   It  has  implications  and  possi- 
bilities for  usefulness,  however,  that  should  not  be  overlooked. 

Transpiration. --Seedlings,  like  other  plants,  die  when  transpiration 
exceeds  water  intake  over  extended  periods.   Since  in  theory  at  least 
they  could  be  kept  alive  by  reducing  transpiration  as  an  alternative  to 
supplying  water,  foresters  and  plant  physiologists  have  made  many  studies 
of  the  transpiration  process.   A  thorough  understanding  of  the  physiology 
of  transpiration  in  seedlings  and  in  competing  vegetation  is  essential  to 
solution  of  problems  related  to  moisture  deficiencies. 

Bethlahmy  (27),  measuring  evapo-transpiration  as  loss  of  soil  moisture 
by  fiberglas  units,  found  its  rate  to  be  correlated  with  atmospheric 
saturation  deficit,  but  not  with  air  temperatures,  wind  velocity,  soil 
moisture  content,  or  length  of  time  since  rain.   Weaver  and  Mogensen 
(285)  found  increased  transpiration  from  broadleaved  trees  in  spring 
occasioned  by  foliation,  but  added  that  such  increases  are  "in  the  main 
similar  to  increased  losses  of  conifers."   Minckler  (195)  found  differ- 
ences in  transpiration  rates  related  to  species,  amount  of  foliage  and 
its  exposure,  soil  moisture,  and  atmospheric  humidity.   Kramer  (l^-l) 
found  that  conifers  transpire  less  than  hardwoods  per  unit  of  leaf  area, 
but  that  the  reverse  may  be  true  of  trees  of  equal  crown,  since  the  coni- 
fers have  relatively  more  leaf  surface. 

Eckhardt  (75,  76)  and  Oppenheimer  (206)  studied  the  anatomy  and  physi- 
ology of  xerophytic  plants  in  efforts  to  determine  how  such  plants  with- 
stand extreme  drought,.   So  far  as  transpiration  is  concerned,  such  plants 
apparently  possess  either  an  ability  to  recover  from  rather  advanced 
stages  of  drying,  or  mechanisms  which  reduce  transpiration.   Eckhardt 
concluded  that  many  common  morphological  features  in  xerophytes  have 
only  limited  adaptive  value.   Livingston  (158),  however,  concluded  that 
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closure  of  stomata  effectively  reduces  transpiration  losses.   Parker  (210, 
211.)  found  that  for  several  conifers  (none  from  the  South)  loss  of  mois^~ 
ture  from  leaves  below  about  50  percent  of  dry  weight  results  in  death. 

Aside  from  its  role  in  translocation  of  water  and  nutrients,  there  is  con- 
flicting opinion  as  to  the  value  of  transpiration  to  the  plant.   Lee  (l%) 
said,  "Viewed  in  all  its  aspects,  transpiration  is  unquestionably  a  very 
wasteful  process,  and  its  harmful  effects  upon  plant  life  appear  to  ex- 
ceed by  far  its  beneficial  effects,"   Shirley  (2|+9),  on  the  other  hand, 
credited  transpiration  with  increasing  resistance  to  heat  injury  in  dry 
air.   Horsfall  and  Harrison  (119)  apparently  agreed  with  this  viewpoint. 
Baker  (gi),  on  the  other  hand,  reported  leaf  temperatures  above  those  of 
the  surrounding  air.   More  precise  research  is  evidently  needed  to  clarify 
this  problem.   The  subject  is  important  in  view  of  indications  that  in 
some  instances  heat  injury  may  be  important  in  seedling  mortality,  and 
the  somewhat  conflicting  possibility  that  drought  losses  might  be  reduced 
by  inhibiting  transpiration. 

Pearson  (212)  found  that  the  transpiration  rate  of  seedlings  of  several 
western  conifers  declined  to  less  than  3  percent  of  normal  when  subjected 
to  prolonged  drought.   The  rate  returned  to  normal  immediately  after  re- 
watering,   Loustalot  (159)  observed  a  similar  prompt  recovery  in  pecan 
leaves,  though  several  days  were  required  for  full  recovery.   Wilde  and 
Voigt  (290)  related  susceptibility  to  drought  damage  to  the  ratio  of  root 
absorbing  surface  to  the  relative  transpi rational  loss.   The  only  de- 
tailed transpiration  studies  reported  for  loblolly  and  shortleaf  pine 
are  those  of  Schopmeyer  (239.),  who  attempted  to  determine  if  reputed 
differences  in  drought-resistance  between  them  could  be  explained  by 
differences  in  transpiration  or  physio -chemical  properties.   He  found  no 
difference  in  transpiration  rates,  but  some  physio-chemical  differences. 
More  research  along  similar  lines  is  needed  for  adequate  understanding 
of  transpiration  phenomena  in  these  species. 

Roots  in  relation  to  competition  for  moi.sture.--A  more  precise  knowledge 
of  the  root  growth  phenomena  of  trees  is  essential  to  the  planning  of 
forestation  programs.   As  Wakeley  (283)  pointed  out,  the  formation  and 
extension  of  a  new  system  seems  to  be  a  key  factor  in  the  attainment  of 
good  survival. 

An  important  function  of  roots  is  the  absorption  of  water  and  mineral 
nutrients  (91).   Lunt  (l60)  stated  that  while  the  whole  root  system  is 
involved  in  moisture  absorption,  that  is  not  true  of  nutrient  absorption 
since  the  bulk  of  the  available  plant  nutrient  supply,  particularly 
nitrogen,  is  to  be  found  comparatively  close  to  the  surface,  and  there- 
fore most  of  the  feeder  roots  are  located  in  that  portion  of  the  profile. 

Numerous  workers  have  noted  that  the  preponderance  of  the  small  roots 
is  found  in  upper  portions  of  the  soil  profile  (28,  56,  72,  97^  H5; 
220).   Heywood  (115)  found  that  89  percent  of  the  lateral  roots  of  long- 
leaf  pine  were  located  in  the  upper  foot  of  soil,  while  Billings  (28) 
found  that  in  abandoned  fields  95  percent  of  the  roots  of  shortleaf  pine 
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were  in  the  first  6  inches  of  the  soil;  however,  with  entrance  of  other 
woody  species,  deeper  penetrating  roots  appear,  and  the  percentage  of 
total  roots  of  the  profile  in  the  first  6  inches  fell  to  a  little  over 
60  percent . 

The  occurrence  of  most  of  the  lateral  roots  of  pines  within  this  limited 
portion  of  the  profile,  where  most  of  the  roots  of  the  grasses,  other 
tree  species,  and  herbs  associated  with  the  pines  also  occur,  indicates 
intense  competition  for  soil  moisture  during  unfavorable  climatic  condi- 
tions.  Coile  (57)  concluded  that  in  the  Piedmont  the  general  vigor  and 
length  of  root  systems  of  year -old  loblolly  seedlings  were  greatly  in- 
fluenced by  the  competition  of  established  vegetation. 

Of  the  water  and  nutrients  available  in  the  soil,  the  quantity  absorbed 
depends  largely  on  the  extent  and  efficiency  of  the  root  systems. 
Workers  in  several  widely  separated  regions  of  the  United  States  have 
attributed  one  cause  of  water  deficiency  of  plants  at  soil  moistures 
near  the  permanent  wilting  point  to  the  failure  of  roots  to  elongate 
rapidly  into  the  region  where  there  is  still  available  water  (lj+3j  I63, 
277).  ' 

Billings  (28)  pointed  out  that  oaks  and  other  broadleaved  trees  growing 
in  association  with  pine  will  survive  during  dry  periods  while  the  pines 
die.   He  attributed  this  to  the  deeper  penetrating  root  systems  of  the 
hardwoods,  which  pass  through  and  beyond  the  zone  of  greatest  pine  root 
competition. 

McQuilkin  (17^-)  made  comparative  observations  of  the  root  systems  of 
pitch  pine  and  shortleaf  pine  growing  on  the  same  site.   He  found  that 
the  root  systems,  typical  of  the  genus,  were  both  widely  spreading  and 
deeply  penetrating,  but  did  not  attain  extreme  development  in  either 
direction. 

Garin  (92)  reported  that  on  poor  dry  soils,  roots  of  trees  of  about  the 
same  height  and  the  same  age  spread  more  widely  and  occupied  a  much 
larger  volume  of  soil  than  those  in  richer  soils.    rni.s  is  verified 
by  Duncan  (72),  who  studied  root  development  in  three  soil  types  in 
North  Carolina.   He  found  that  the  characteristic  root  habit  of  the 
species  studied  was  the  same  in  the  three  soils,  but  that  the  extent  of 
root  development  differed.   Important  factors  influencing  root  develop- 
ment were  described  as  (l)  physical  characteristics  of  the  soil,  with 
trends  toward  poor  development  in  the  heavier  soils;  and  (2)  conditions 
other  than  edaphic,  such  as  transpiration  and  light. 

Reed  (228)  found  it  impossible  to  establish  an  exact  mathematical  rela- 
tionship between  root  growth  and  either  soil  moisture  or  temperature, 
although  the  evidence  of  his  study  indicated  that  deficient  soil  mois- 
ture might  limit  the  growth  of  roots  during  the  summer  months,  and  low 
soil  temperatures  might  have  a  like  effect  on  root  growth  during  the 
winter  months. 
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In  Texas ,  much  remains  to  "be  learned  of  the  competitional  relationships 
between  the  roots  of  developing  pine  seedlings  and  those  of  competing 
vegetation.   Conspicuously  lacking  is  knowledge  of  the  relative  drain  on 
moisture  supplies  by  roots  of  various  species,  and  of  the  rates  of  re- 
invasion  into  soil  freed  of  roots  by  hardwood  control.   Needed  also  is 
a  knowledge  of  the  relation  of  these  aspects  of  root  competition  to 
soils.   Though  entirely  precise  answers  to  these  questions  are  not 
essential  to  improvements  in  regeneration  techniques,  much  better  data 
than  are  yet  available  are  needed  before  much  sound  progress  can  be 
made. 

Drought  resistance  of  seedlings. --Tourdeau  (30)  defined  drought  re- 
sistance, in  the  broad  sense,  as  the  ability  of  plants  to  grow  in  dry 
habitats  and  survive  dry  periods.   He  segregates  two  main  types,  active 
and  passive  drought  resistance,  passive  resistance  being  the  ability 
of  a  plant  to  withstand  drought  by  entering  a  resting  stage.  Active 
resistance  does  not  involve  any  such  stage.   It  can  be  primary  or 
secondary,  with  primary  resistance  being  the  ability  of  the  plant 
tissues  to  withstand  dehydration.   Secondary  drought  resistance  is  the 
ability  of  the  plant  to  prevent  dehydration.   Such  ability  could  re- 
sult from  a  relatively  great  root  extent  or  from  a  reduction  in  transpi- 
ration losses  during  periods  of  moisture  stress. 

The  drought  resistance  of  the  southern  pines  is  mainly  of  the  secondary 
kind,  although  physiologically  seedlings  are  capable  of  exhibiting  the 
primary  type  to  a  limited  degree. 

In  terms  of  water  relations  a  plant  with  the  greatest  root  extent  per 
unit  of  transpiring  surface  would  likely  be  best  equipped  to  withstand 
drought  (30).   Shirley  and  Meuli  (2^4)  came  to  the  same  conclusion,  and 
in  addition  pointed  out  that  plants  subjected  to  moderate  droughts 
tended  to  develop  relatively  more  extensive  root  systems  and  smaller 
tops  than  those  grown  in  soil  continuously  moist. 

In  east  Texas,  an  area  subjected  to  frequent  severe  drought,  only  drought 
resistant  individuals  can  be  depended  upon  for  survival.   The  possibili- 
ties of  developing  drought  resistant  strains  of  pine  are  being  explored 
in  long-time  studies  initiated  by  the  research  staff  of  the  Texas  Forest 
Service.   Pending  eventual  development  of  such  inherently  drought  re- 
sistant trees,  research  should  aim  at  improvement  in  drought  resistance 
through  control  of  growing  conditions  or  other  factors.  As  seedlings 
with  inherent  drought  resistance  become  available,  they  will  afford  in- 
valuable checks  on  cultural  methods  of  reducing  drought  losses. 

A  further  line  of  Inquiry  that  offers  considerable  promise  is  the  study 
of  differences  between  shortleaf  and  loblolly  pine  in  respect  to  seed- 
ling drought  resistance.   Rhodes  (228a),  in  a  survey  of  plantation  sur- 
vival west  of  the  native  range  of  Texas  pines,  found  k6   percent  of 
shortleaf  pines  surviving,  as  compared  with  13 . 5  percent  of  loblolly. 
If  the  ability  of  shortleaf  to  survive  on  drier  sites  stems  from  superior 
drought  resistance  during  the  seedling  stage,  a  knowledge  of  how  the  two 
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species  differ  might  well  lead  to  principles  of  basic  importance  to  re- 
generation under  adverse  conditions.   Important  points  of  comparison 
would  include  relative  sizes ,  transpiring  surfaces,  root  development, 
and  the  like,  as  well  as  relative  synchronization  of  their  drought 
resistant  and  drought  susceptible  developmental  stages  with  periods 
of  adequate  and  inadequate  moisture. 

Soils  in  relation  to  moisture  availability. --Methods  of  regeneration 
and  the  nature  and  development  of  forests  vary  according  to  soil  and 
other  site  features.   Where  precipitation  is  sufficient,  trees  grow  on 
almost  any  soil  without  special  treatment;  where  moisture  is  a  limiting 
factor  the  nature  of  the  site  becomes  of  major  importance. 

The  characteristics  which  distinguish  one  soil  type  from  another  are  not 
all  equally  significant  biologically.  For  forestry  purposes  many  soil 
types  can  often  be  combined  into  single  units.   Such  grouping  should  be 
on  a  basis,  however,  which  will  not  only  differentiate  levels  of  growth 
capacity  but  also  segregate  those  sites  which  present  special  regenera- 
tion problems. 

Coile  (59)  has  found  that  the  soil  properties  which  affect  the  rate  of 
tree  growth  in  the  Piedmont  and  Coastal  plain  regions  are  those  which 
define  or  limit  the  amount  and  quality  of  growing  space  for  tree  roots . 
Under  certain  conditions  survival  or  growth  has  been  found  to  correlate 
reasonably  well  with  such  specific  properties  as  texture  and  thickness 
of  the  A  horizon,  and  depth  to  and  texture  of  the  C  horizon  (55_,  58,  107, 
161,  273,  299). 

Moisture  and  aeration  conditions  are  important  and  usually  account  for  the 
greater  part  of  any  growth  differences  found;  because  of  this,  those  soil 
and  topographic  characteristics  which  affect  soil  moisture  and  aeration 
need  to  be  recognized  in  the  field  (273,  Z[4,  298). 

Zahner  (298)  characterized  poor-risk  areas  as  those  with  fine -textured, 
shallow  surface  soils  overlying  heavy  subsoils  or  pans  with  poor  internal 
drainage o   Good- risk  areas  are  those  having  light -textured,  moderately 
deep  surface  soils  overlying  friable  subsoils  of  good  internal  drainage. 
He  also  pointed  out  that  there  are  all  combinations  and  gradations  between 
these  two  extremes,  and  it  is  necessary  for  field  observation  to  determine 
whether  a  particular  site  falls  to  one  side  or  the  other. 

Duchaufour  (71.)  concluded  from  observations  in  several  areas  in  eastern 
France  that  the  limiting  factor  governing  regeneration  of  larch  and 
spruce  is  not  the  chemical  composition  but  the  physical  condition  of 
the  soil,  especially  the  availability  of  moisture  during  the  dry  season. 

Koie  (l33_),  in  Denmark , found  that  his  data  supported  the  conclusion  that 
there  is  a  direct  relationship  between  the  silt-clay  content  of  a  sub- 
soil and  vegetation „   These  findings  have  been  verified  in  the  United 
States  by  Wenger  (286),  who  compared  growth  and  mortality  of  loblolly  and 
shortleaf  pine  and  sweetgum  seedlings  grown  under  controlled  conditions 


3^  - 


in  the  greenhouse  in  soils  of  three  different  textures .   He  found  that 
mortality  differed  significantly  among  soils,  being  significantly  greater 
in  the  sand  than  in  the  clay  or  silt  loam.   He  concluded,  however,  that 
some  characteristic  of  soil  texture  other  than  its  effect  on  moisture  was 
responsible  for  the  high  mortality  in  the  light  soil,  since  the  study 
involved  artificial  watering  at  three  levels . 

Badran  (20)  studied  the  relationship  between  soil  moisture  conditions 
and  the  development  of  certain  forest  tree  species,  and  found  that  fine- 
textured  soils  contained  more  water  at  the  wilting  point  than  did  coarse 
soils.  Kramer  ( lho )  also  drew  the  same  conclusion,  but  pointed  out  that 
in  heavy  clay  soils  the  water  actually  becomes  limiting  to  growth  before 
the  moisture  content  is  reduced  to  the  permanent  wilting  percentage. 

As  most  foresters  are  aware,  Briggs  and  Shantz  (33)  coined  the  term 
wilting  coefficient,  which  was  defined  as  the  moisture  content  of  the 
soil  at  the  time  when  the  leaves  of  the  plant  growing  in  that  soil  first 
undergo  a  permanent  reduction  in  the  moisture  content  as  a  result  of  a 
deficiency  in  the  soil-moisture  supply;  and  stated  that  that  portion  of 
the  soil-moisture  content  which  is  available  for  plant  growth  is  repre- 
sented by  the  difference  between  the  actual  water  content  and  the  wilting 
coefficient.   Kramer  (l4o)  pointed  out  that  soil  moisture  may  be  practi- 
cally as  readily  available  to  the  plants  at  moisture  contents  just  above 
wilting  percentage  as  at  field  capacity  (the  moisture  content  after 
gravitational  water  has  drained  away  and  capillary  water  movement  has 
become  very  slow) . 

Salter  (237),  discussing  soil  factors  affecting  tree  growth,  pointed  out 
that  "wilting  coefficient"  or  "wilting  percentage"  like  "field  capacity" 
varies  with  soil  texture  and  soil  structure,  but  apparently  little  or 
none  with  the  kind  of  plant. 

The  characteristics  of  soils  with  respect  to  available  water  capacity, 
permeability  to  water,  and  permeability  to  air  are  largely  determined 
by  the  volume  and  size  distribution  of  the  soil  pore  space.   The  latter 
is  conveniently  characterized  by  measuring  the  water  held  by  a  soil  at 
varying  moisture  tensions.   Hoover,  Olson,  and  Metz  (ll8)  discussed 
laboratory  methods  and  equipment  used  in  determination  of  factors  in- 
volved in  soil -moisture  determinations. 

Hendrickson  (llU)  reported  successful  prediction  of  the  time  when  the 
permanent  wilting  percentage  will  be  reached  in  certain  California 
soils  in  which  permanently  rooted  crops  are  growing „ 

Studies  of  the  physical  characteristics  of  the  soils  of  east  Texas,  with 
emphasis  on  the  segregation  of  problem  soils  from  those  on  which  reason- 
ably good  survival  and  growth  can  be  expected,  are  imperative  to  a 
successful  regeneration  program.   Such  studies  should  determine,  by  a 
combination  of  field  or  laboratory  methods,  the  moisture-holding  charac- 
teristics of  soils  and  the  soils'  ability  to  retain  moisture  contents 
above  wilting  coefficients  during  droughts  of  varied  durations.   Con- 
firmation of  such  findings  by  tests  with  seedlings  during  drought  years 
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will  be  required  for  at  least  the  more  important  soils.   The  interrela- 
tions of  soils  and  competing  plant  roots  on  moisture  available  for 
seedling  establishment  also  need  intensive  study. 

Site  Treatments  to  Improve  Seedling  Survival 

In  practice,  a  major  opportunity  for  improving  survival  of  seedlings 
involves  site  treatments  to  increase  moisture  availability  and  improve 
other  environmental  factors.   Research  to  develop  effective  treatments 
will  eventually  involve  costs  and  relative  efficiency  of  specialized 
equipment.   Earlier  phases,  however,  will  be  confined  primarily  to  the 
determination  of  the  effects  of  specific  combinations  of  treatments  on 
seedling  survival.  For  such  studies,  seed  or  seedlings  of  known  in- 
heritance and  physiological  grade  will  be  needed  as  test  material  or  for 
comparative  purposes . 

Among  the  most  important  controllable  factors  affecting  available  mois- 
ture supply  is  the  withdrawal  of  soil  water  by  competing  vegetation 
(150).  For  any  given  soil,  under  any  specific  rainfall  pattern,  mois- 
ture available  to  seedlings  will  depend  upon  the  influence  of  competing 
root  systems.   During  seasons  of  plentiful  and  well -distributed  rain,  and 
on  soils  with  optimum  waterholding  capacity,  moisture  may  be  adequate 
despite  the  competition.   On  the  other  hand,  where  soils  are  droughty, 
or  when  there  are  long  intervals  between  rains,  the  adverse  effect  of 
competition  often  becomes  critical  (ll7>  1^9;  196) . 

Treatment  of  sites  on  which  regeneration  is  desired  is  aimed  primarily 
at  reduction  in  this  competition  for  soil  moisture.   Radical  as  such 
treatments  are,  however,  they  have  varied  ecological  effects,  among 
which  are  usually  some  improvement  in  germinating  conditions  and  a  re- 
duction in  shade.   While  shading  of  loblolly  and  shortleaf  pine  seed- 
lings has  proved  unnecessary  and  even  harmful  in  nurseries,  where  water 
can  be  applied  at  will,  removal  of  shade  in  the  field  may  add  to  the 
difficulties  of  regeneration,  since  there  are  indications  that  the  shade 
may  benefit  out-planted  seedlings,  at  least  during  the  first  two  seasons. 
Similarly,  work  done  to  remove  competition  may  affect  bird,  rodent,  and 
insect  populations,  the  vulnerability  of  seed  and  seedlings  to  damage  by 
animals  or  weather,  and  possibly  other  environmental  factors.   It  is  for 
this  reason  that,  once  the  desirable  control  of  individual  factors  is 
determined,  tests  of  the  application  of  site  treatments  are  necessary  to 
achieve  an  optimum  over-all  balance  of  ecological  factors. 

Chaiken  {k6)   has  classified  the  currently  available  methods  of  controlling 
competing  species  as  follows:   "The  inferior  species  can  be  controlled... 
by  prescribed  burning,  by  mechanical  methods,  by  chemicals,  and  by  an 
assortment  of  manual  methods  such  as  weeding,  girdling,  and  felling. 
While  each  technique  has  certain  advantages  none  is  universally  appli- 
cable to  all  forest  conditions,  to  all  sites,  or  to  all  systems  of 
management . " 
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Of  these  methods,  fire  and  mechanical  control  by  tractor -drawn  equipment 
make  the  greatest  changes  in  seedbed  conditions  and  are  least  selective 
in  their  effect  on  the  competing  stand.   Ordinarily  either  must  be  used 
only  before  planting  or  seedfall.   Chemical  methods,  particularly  where 
used  as  foliage  sprays,  may  be  highly  selective  or  not,  depending  on  the 
chemical  used.   Manual  methods,  with  or  without  chemical  supplements, 
provide  maximum  selectivity,  though  sometimes  at  increased  cost,   Chemical 
and  manual  methods  afford  possibilities  for  application  either  before  or 
after  seedling  establishment. 

Prescribed  burning. — Burning  to  control  competitive  vegetation  has  been 
cited  as  a  low -cost,  effective  tool  in  the  management  of  pine  on  upland 
pine-hardwood  sites  ( 219 ) • 

Chaiken  (j+5.)  commented  that  even  though  single  prescribed  burns  reduce 
only  the  size  of  the  stems  of  inferior  species  and  seldom  the  number, 
they  usually  exert  sufficient  control  to  encourage  the  regeneration  of 
loblolly  pine.   Wood  (297a)  found  that  parts  of  hardwood  root  systems 
die  quickly  after  cutting  of  the  tops.   This  suggests  that  there  could 
be  an  immediate  reduction  in  drain  on  moisture  when  tops  are  killed. 
Most  advocates  of  prescribed  burning  recognize  that  while  hardwoods  are 
more  susceptible  to  controlled  burns  than  pines,  the  burns  are  extremely 
destructive  to  any  small  pine  seedlings  present  (35 >   ^2,  8l,  155). 

In  addition  to  the  easily  observable  changes  in  the  vegetation  resulting 
from  fires,  other  effects  have  been  investigated.   Burns  (39)  stated 
that  moderate  burning  treatments  benefit  the  mineral  soil  chemically  and 
probably  have  favorable  effects  on  the  forest  floor,   Heyward  and  Barnette 
(115a),  who  did  the  pioneer  work  on  soil-fire  relationships  in  the  South, 
found  that  in  the  longleaf  belt  soils  subjected  to  frequent  fires  were 
consistently  less  acid  and  had  higher  percentages  of  replaceable  calcium 
and  total  nitrogen.   Suman  and  Carter  (260)  have  reported  that  recent 
tests  indicate  the  chemical  characteristics  of  certain  Coastal  Plain  soils 
are  not  materially  affected  by  burning.   They  also  make  the  statement  that 
since  little  or  no  change  occurred  in  soil  organic  matter,  phosphate, 
potash,  or  acidity,  indications  were  that  burning  does  not  appreciably 
influence  timber  and  other  vegetative  growth  on  the  soils  studied. 

Bruce  (3U)  and  Griffith  (10^)  found  that  burning  of  competing  vegetation 
causes  significant  increase  in  growth  of  tree  seedlings.  Bruce  attributed 
the  rapid  early  growth  of  seedlings  to  the  action  of  fire  in  killing 
grass  roots  rather  than  to  any  fertilizing  or  mulching  effect  of  the 
ashes.   Garin  and  Livingston  (93)  reported  increased  first-year  survival 
of  slash  pine  seedlings  on  strips  burned  before  planting. 

One  of  the  earliest  proponents  of  prescribed  burning,  H.  H.  Chapman,  has 
gone  on  record  as  saying  that  for  loblolly  pine  "The  greatest  and  most 
widespread  direct  influence  affecting  the  conditions  of  the  surface  on 
which  the  seed  falls  is  exerted  by  fires  which  run  over  the  ground,  con- 
sume the  litter,  and  kill  back  underbrush,  thus  exposing  the  soil"  ( 51) - 
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Although  much  research  has  "been  done  on  prescribed  burning  for  seedbed 
preparation,  relatively  little  of  it  has  been  on  short leaf -loblolly 
sites.   Except  for  Chapman's  studies,  and  some  recent  tests  in  Arkansas, 
such  work  has  been  confined  largely  to  the  Coastal  Plain  in  the  central 
Atlantic  states.   Tests  now  under  way  at  the  East  Texas  Research  Center 
should  provide  basic  data  on  the  effectiveness  of  fire  in  reducing  hard- 
wood competition  in  upland  short leaf -loblolly-hardwood  types.  Further 
tests  are  needed  to  define  most  effective  burning  conditions,  to  measure 
effects  of  reduced  root  competition  on  soil  moisture,  and  to  measure 
possible  effects  on  watershed  values.   Such  work  can  be  carried  on  under 
the  Center's  fire  project.   Much  further  testing  of  the  effects  of 
prescribed  burning  on  seedling  survival,  both  in  connection  with  the 
fire  project  and  on  other  sites,  will  be  required  before  the  value  of 
fire  in  regeneration  can  be  fully  determined. 

Mechanical  methods . --Various  kinds  of  equipment  have  been  utilized  or 
designed  to  clear  undesirable  species  from  areas  prior  to  regeneration 
with  pine*   Most  such  operations  have  the  dual  purpose  of  reducing  com- 
petition and  preparing  seedbeds  favorable  to  germination. 

Bulldozers  (176,  263)  have  proven  quite  effective  but  have  certain 
objectionable  features  such  as  leaving  the  area  quite  rough,  burying 
topsoil,  and  potentially  causing  erosion  hazards. 

The  Southern  Advance  Paper  Company  at  Hodge,  Louisiana,  has  developed 
a  "brush-cutter"  which,  through  the  medium  of  cutter  blades  affixed  to 
a  heavy  drum,  pushes  down  and  cuts  the  vegetation  into  small  sections. 
Similar  machines  have  been  used  to  clear  oak  brush  in  Florida. 

Considerable  effort  has  been  devoted  to  perfection  of  various  types  of 
power— driven  saws  and  cutting  surfaces  powered  by  tractors .   Most  of 
them  are  fairly  effective.   In  addition  to  cost,  the  serious  drawback 
of  all  of  these  mechanical  contrivances  is  the  fact  that  they  operate 
only  against  the  above-ground  portions  of  the  plants,  and  the  roots  are 
free  to  sprout.   Consequently,  any  utilization  of  the  area  must  be 
undertaken  promptly  after  treatment. 

Heavy  disk  harrows,  though  limited  to  sites  relatively  free  of  impedi- 
ments, have  been  widely  used  in  longleaf  areas  to  reduce  competition 
from  grass  roots.   There  are  some  possible  uses  for  equipment  of  this 
type  to  control  shrubs  and  other  small  vegetation  on  short leaf -loblolly 
sites, 

Tests  of  various  types  of  heavy  equipment  are  needed  to  determine  their 
value  in  preparing  regeneration  sites  in  Texas.   Such  work  will  neces- 
sarily be  conducted  on  a  scale  requiring  rather  large  equipment  costs 
and  considerable  areas  of  land.   The  extent  to  which  it  can  be  undertaken 
will  depend  upon  the  financial  resources  and  cooperation  available. 

Chemical  methods . --Work  on  chemicals  for  control  of  undesirable  hardwoods 
was  begun  in  the  South  in  1929  (36).   Sodium  arsenite  was  found  to  be 
quite  effective,  but  because  of  its  toxicity  to  animal  life  it  was  con- 
sidered dangerous  to  use  in  most  circumstances. 
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The  herbicidal  properties  of  Animate  (80  percent  ammonium  sulfamate)  were 
discovered  in  the  early  19^-0' s  and  it  was  extensively  tested  under  field 
conditions  during  the  next  decade  (36,  k0_,    kl,   J+5,  203,  216,  217). 

The  most  generally  effective  way  to  apply  Ammate  to  trees  3  inches  and 
larger  in  diameter  is  in  crystal  form  in  "cups"  or  notches  chopped  at 
the  base  of  the  tree.   Another  effective  method  of  application  is  to 
pour  a  solution  of  Ammate  and  water  into  a  frill  or  single-hack  girdle 
(36).   Severed  stumps  of  small  trees  are  treated  with  Ammate  crystals  to 
reduce  sprouting. 

After  World  War  II  a  number  of  newly  developed  chemicals  came  into  use. 
Various  formulations  of  plant  hormone  compounds  were  found  effective  in 
killing  and  controlling  sprouts  of  undesirable  hardwood  species.   2,U-D 
(2,4-dichlorophenoxyacetic  acid)  and  2,4,5-T  (2,4,  5-trichlorophenoxyacetic 
acid)  are  two  of  the  better  known  compounds.   The  low -volatile  esters  of 
these  compounds,  such  as  the  butoxy  ethanol  or  the  propylene  glycol  butyl 
ether  ester,  have  proven  more  effective  in  the  control  of  inferior  tree 
species  than  any  of  the  other  formulations  tested  (^5;  216) . 

Preparations  of  2,4-D  and  2,k, 5-T  are  marketed  as  liquid  concentrates 
that  are  diluted  before  use.   The  diluents,  or  carriers,  may  be  either 
water  or  such  hydrocarbons  as  kerosene,  fuel  oil,  or  diesel  oil. 

Essentially,  there  are  three  ways  in  which  the  solutions  are  applied: 
(l)  in  notches  or  frill  girdles,  (2)  as  basal  sprays,  and  (3)  as  foliage 
sprays  (either  from  the  ground  or  from  the  air).   In  the  first  two  appli- 
cations the  chemical  method  provides  the  same  selectivity  as  manual 
treatments.   Tests  of  foliage  sprays  applied  by  airplane  now  under  way 
in  Texas  show  promise  of  effective  control  at  reasonable  costs. 

While  the  screening  of  new  chemicals  and  the  development  of  techniques 
of  application  are  normally  done  elsewhere,  confirmatory  tests  and  some 
special  work  or  techniques  will  be  needed  at  East  Texas. 

Manual  methods . --Underplanting  of  pine,  followed  by  early  release,  has 
resulted  in  successful  establishment  in  many  sections  of  the  southern 
and  central  states  (29,  53,  123,  1^8,  153,  l$k,    202,  20^,  2kk,    284).   In 
every  instance  where  pine  seedlings,  whether  planted  or  from  seed,  were 
released  from  competition  survival  and  growth  rates  were  markedly 
superior  to  unreleased  seedlings. 

Timing  of  release  is  quite  important,  with  release  during  or  after  the 
first  year  of  establishment  advocated  by  most  researchers  (123,  124, 
125,  l48,  153,  15k,    202,  204,  284).   Muntz  (204)  reported  that  delaying 
release  of  underplanted  slash  and  loblolly  pine  for  a  year  reduced 
survival  by  l/4  and  total  height  by  l/3- 

The  old  established  method  of  controlling  undesirable  hardwoods  was  by 
cutting  or  girdling  with  an  ax.  For  trees  larger  than  8-10  inches  the 
only  drawback  to  this  method  is  manpower  cost.   On  trees  smaller  than 
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8-10  inches ,  sprouting  will  in  time  nullify  the  advantages  gained  by  cut- 
ting; consequently  it  is  usually  recommended  that  the  smaller  trees  be 
poisoned  as  well  as  cut  (36,  }&>   ^5>  216) . 

A  new  development  in  this  field  is  the  manually  operated  power  girdler 
(Little  Beaver)  which  has  demonstrated  its  ability  to  reduce  girdling 
costs  to  l/2  or  even  1/3  of  the  conventional  ax  methods  ( 10 9 ) • 

In  general,,  where  a  highly  selective  control  operation  is  desired,  as  in 
the  release  of  seedlings  after  establishment,  the  combination  of  girdle, 
ax,  or  machine  and  poison  may  prove  to  be  the  most  acceptable  method. 

In  the  entire  field  of  hardwood  control,  it  is  anticipated  that  installa- 
tions will  be  limited  to  proven  methods  and  techniques,  with  the  concern 
of  this  project  focused  on  effectiveness,  as  measured  by  seedling  es- 
tablishment, survival,  and  growth. 


REGENERATION  RESEARCH  NEEDS  IN  EAST  TEXAS 

Research  work  needed  in  the  field  of  regeneration  in  east  Texas  falls 
into  three  categories: 

1.  Basic  research,  mostly  in  physiology  and  soils,  aimed  at 
broadening  fundamental  knowledge  of  the  processes  on  which 
seed  production  and  seedling  development  and  survival  de- 
pend, 

2.  Tests  of  tree  or  seedling  behavior  under  controlled  condi- 
tions suggested  by  basic  research  as  having  possible 
practical  application  in  adjusting  specific  environmental 
factors  to  favor  forestry  objectives, 

3-  Full  scale  (pilot  plant)  tests  of  measures  or  combinations 
of  measures  planned  to  achieve  optimum  beneficial  effects 
at  economical  costs . 

The  East  Texas  Research  Center  has  responsibilities  in  all  three  of  these 
categories.   Obviously,  however,  the  needs  for  work  in  the  regeneration 
field  are  so  large  as  to  far  exceed  the  prospective  resources  of  the  unit. 
It  is  to  be  hoped  that  much  of  the  needed  basic  work  can  be  undertaken  by 
educational  and  other  research  agencies,  both  in  Texas  and  elsewhere. 
Similarly,  much  of  the  pilot  plant  type  of  research,  the  final  testing 
of  recommended  procedures,  can  be  accomplished  only  with  the  cooperation 
of  landowners  engaged  in  extensive  regeneration  programs . 

Because  the  extent  of  possible  cooperation  as  well  as  the  future  resources 
of  the  Research  Center  are  unpredictable,  the  following  summary  of  re- 
search needs  includes  phases  which  may  be  undertaken  elsewhere,  or  under 
cooperative  arrangements .   Only  where  there  is  known  to  be  definite  pro- 
vision for  accomplishment  of  specific  work  elsewhere  will  such  fields  of 
study  be  recognized  as  the  responsibility  of  other  agencies  or  units. 
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Research  on  Seed  Supply  Problems 

Research  in  the  field  of  production  and  supply  of  shortleaf  and  loblolly 
pine  seed  is  required  to  meet  the  following  needs  for  information: 

1.  Study  of  basic  physiological,  climatic,  pathological, 
phenological,  entomological,  and  other  factors  affecting 
seed  production,  to  provide  a  more  adequate  store  of  funda- 
mental information  on  -which  efforts  to  improve  seed  produc- 
tion may  be  based. 

2.  Continuing  study  of  seed  production  aimed  at  more  precise 
knowledge  of  loblolly  and  shortleaf  pine  seed  year  occurrence 
in  Texas;  also  at  the  development  of  more  adequate  techniques 
for  measurement  of  seed  crops,  particularly  on  individual 
standing  trees;  and  for  prediction  of  future  seed  production. 
The  development  of  more  adequate  measurement  and  prediction 
techniques  will  afford  much-needed  working  tools  for  both 
research  and  forest  administration. 

3.  Confirmation  in  Texas  and  extension  of  studies  under  way 
elsewhere  aimed  at  stimulation  of  seed  production  from 
loblolly  and  shortleaf  trees .   Past  failures  in  east  Texas 
of  stimulation  methods  found  satisfactory  in  the  Atlantic 
Coastal  Plain,  may  be  explained  and  overcome  as  a  result  of 
basic  studies  listed  in  item  1. 

h.      Studies  to  confirm  and  further  refine  criteria  developed 
elsewhere  for  the  identification  of  trees  capable  of  pro- 
lific seed  production. 

5.   Studies  to  refine  available  information  on  areal  distribution 
ot  pine  seed  from  seed  trees  and  the  edges  of  reserved  stands, 
and  on  time  of  seedfall. 

Of  these  five  classes  of  studies,  the  first  three  are  of  highest  priority- 
numbers  2  and  3  because  of  their  immediate  practical  applicability,  and 
number  1  because  an  extension  of  basic  knowledge  is  almost  certainly 
needed  for  satisfactory  solution  of  the  problem  of  adequate  seed  supply 
in  "off"  years.   Classes  h   and  5  are  of  second  priority  because  approxi- 
mate data  are  available  for  field  application.   While  emphasis  should  be 
placed  on  the  higher  priority  work,  some  small-scale  studies  in  classes 
k   and  5  should  be  carried  on  to  round  out  this  phase  of  regeneration  re- 
search. 

Research  on  Initial  Establishment  Problems 

Research  in  the  field  of  seed  conservation  and  seedling  establishment 
should  include  the  following  classes; 
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1.  Observations  of  exposed  seeds  and  of  animal  populations 
to  appraise  the  losses  of  naturally  or  artificially  sown 
seed  and  germinating  seedlings  to  rodents,  birds,  insects, 
damping -off,  winter  drought,  and  adverse  temperatures. 
Such  tests  should  include  significant  ranges  of  soil, 
type,  and  ground  cover  conditions  in  east  Texas,  and 
should  continue  several  years  to  insure  representative 
sampling  of  weather  and  animal  population  cycles . 

2,  Studies  to  establish  the  basic  requirements  for  optimum 
pine  germination  in  the  field;  the  specific  effects  of 
seedbed  preparation  treatments  on  soil  temperatures,  mois- 
ture, and  other  factors;  and  the  interrelations  between 
such  treatments  and  soils  and  weather.   Essentially  such 
studies  will  assume  that  germination  is  a  discrete  process 
whose  requirements  may  differ  from  those  of  seed  conserva- 
tion and  seedling  survival,  and  that  knowledge  of  those 
requirements  as  related  to  soils  may  prove  useful. 

3»   Studies  to  confirm  utility,  or  to  develop  local  applica- 
tions of  poisons ,  repellents,  or  other  means  developed  by 
outside  agencies^/  for  the  reduction  of  seed  and  small 
seedling  losses  to  birds,  rodents,  insects,  or  pathogens. 

In  the  special  field  of  direct  seeding,  research  is  needed  in  the  fol- 
lowing additional  classes: 

k.      Research  in  pre-sowing  treatment  of  seed  to  (a)  re-attack 
the  problem  of  stratification  and  possible  substitutes  for 
stratification,  (b)  reduce  mold  losses  during  stratification, 
(c)  reduce  damping-off  by  fungicidal  treatment,  and  (d)  re- 
duce seed  losses  by  adding  rodent  and  bird  repellents.   Since 
many  studies  in  this  class  are  well  adapted  to  handling  by 
schools,  the  U.  S.  Forest  Service  Seed  Testing  Laboratory  at 
Macon,  Georgia,  or  other  agencies,  very  careful  coordination 
of  research  activities  will  be  desirable. 

5.  Confirmatory  tests  of  best  season  of  sowing  in  direct  seeding 
operations  in  Texas . 

6.  Studies  to  determine,  for  significant  soil  and  cover  condi- 
tions in  east  Texas,  optimum  feasible  means  of  site  prepara- 
tion for  direct  seeding.   Except  for  empirical  exploratory 
tests,  such  studies  are  dependent  upon  results  of  studies 
proposed  in  class  2  above. 

0/  While  East  Texas  Research  Center  will  not  be  responsible  for  screen- 
ing new  chemicals,  or  development  of  techniques-  in  insect  or  animal 
control,  there  are  possibilities  for  cooperative  tests  of  such  control 
measures  in  collaboration  with  the  Biology  Department  of  Stephen  F. 
Austin  State  College  and  with  the  Fish  and  Wildlife  Service  of  the 
Department  of  the  Interior „ 
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7.  Studies  to  improve  techniques  of  sowing,  either  by  reducing 
costs  or  increasing  proportion  of  seed  germinating,  or  both. 
As  in  the  case  of  seedbed  preparation,  improved  techniques 
may  have  to  await  more  basic  data  on  optimum  seed  placement. 

In  addition,  studies  of  special  planting  problems  are  needed  as  follows: 

8.  Outplanting  tests  of  nursery  stock  grown  under  conditions 
designed  to  improve  field  survival. 2/ 

9«   Studies  to  devise  treatments  that  may  be  applied  to  seedlings 
to  improve  survival,  including  variation  in  root  length,  re- 
moval of  portions  of  foliage,  application  of  transpiration 
inhibitors,  growth  stimulants,  or  other  materials. 

10.   Studies  to  improve  planting  techniques,  with  special  emphasis 
on  better  survival  of  machine  planted  seedlings  in  rough  cover, 
and  methods  for  effective  and  economical  underplanting  under 
pine  or  hardwood  overstories. 

Of  the  ten  classes  of  studies  in  seedling  establishment,  numbers  1,  2,  h} 
8,  and  9  are  of  first  priority—the  first  two  because  they  are  basic  to 
other  research  in  this  field;  numbers  h,   8,  and  9  because  of  their  immedi- 
ate practical  application.   Number  8  is  also  basic  to  much  needed  re- 
search in  that  seedlings  of  uniform  physiological  grade  are  essential  to 
precise  survival  and  growth  tests,  and  that  those  of  demonstrably  high 
physiological  grade  constitute  invaluable  checks  on  the  relative  importance 
of  seedling  quality  and  environmental  influences  in  determining  survival. 
Numbers  3  and  5  are  dependent  upon  the  outcome  of  studies  in  class  1.   The 
results  sought  by  the  studies  in  classes  6  and  7  are  urgently  needed. 
This  will  raise  them  to  first  priority  as  soon  as  other  research  develops 
needed  basic  information.   Quite  possibly  some  research  in  both  these 
classes  should  be  undertaken  on  the  basis  of  present  empirical  data 
without  awaiting  fully  adequate  basic  research.   Class  10  is  considered 
of  second  priority  because  such  studies  are  dependent  on  results  of 
studies  in  other  classes. 

Research  on  Seedling  Survival  Problems 

Needed  research  in  the  field  of  seedling  survival  includes  the  following 
classes  of  investigations: 

9/  Development  of  physiological  grades  is  primarily  a  function  of  nursery 
management.   The  Research  Center  will  cooperate  actively  in  such  work, 
however,  since  this  approach  offers  great  possibilities  for  improving 
plantation  survival  in  the  Texas  area.   Similarly,  the  Center  will  co- 
operate in  field  testing  such  drought  hardy  strains  as  may  be  developed 
by  genetic  specialists. 
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1.   Continuing  studies  to  appraise  the  seriousness  of  damage 
to  seedlings  "by  animals,  particularly  rodents,  and  in- 


sects.— 

2.   Physiological  studies  of  the  effects  of  temperature  ex- 
tremes on  growth  and  survival  of  loblolly  and  shortleaf 
pine  seedlings.  Results  of  such  studies  may  well  point 
the  way  to  reduction  of  unexplained  winter  losses  and 
summer  mortality  usually  attributed  to  drought. 

3-   Analyses  of  recorded  climatic  data  and  correlation  of 
seedling  survival  with  weather  factors  to  develop  tech- 
niques for  appraisal  and  comparison  of  climatic  conditions. 
Adequate  techniques  for  appraisal  of  survival -test  results 
in  relation  to  weather  conditions  are  lacking. 

h.      Physiological  studies  of  the  water  relations  of  seedlings 
to  provide  a  more  adequate  understanding  of  the  processes 
of  water  intake,  translocation,  and  transpiration  in 
shortleaf  and  loblolly  pine  seedlings.   Although  much 
basic  work  has  been  done  in  this  general  field,  present 
knowledge  is  inadequate  for  the  major  attack  on  moisture 
problems  required  to  insure  satisfactory  regeneration  of 
native  pines  in  the  Texas  area. 

5-   Fundamental  studies  of  the  competitional  relations  between 
seedling  roots  and  those  of  established  vegetation,  in- 
cluding measures  of  drain  on  moisture  supplies,  rates  of 
root  invasion  into  unoccupied  soil,  relative  drain  by 
vegetation  classes,  and  the  variations  of  these  processes 
with  changes  in  soils. 

6.  Fundamental  studies  of  the  means  by  which  plants  achieve 
drought -resistance,  with  special  emphasis  on  possible 
differences  between  shortleaf  and  loblolly  pine  which 
might  explain  the  tolerance  of  the  former  for  dry  sites. ri/ 
An  adequate  understanding  of  the  phenomena  of  drought-re- 
sistance should  afford  leads  to  improvement  of  survival 
during  drought  periods . 

7-   Studies  of  Texas  soils,  centered  on  physical  make-up  and 
water-holding  capacity,  to  appraise  relative  severity  of 
sites  for  seedling  survival.  Recognition  of  such  site 
differences  is  fundamental  to  an  adequate  regeneration 
program. 


10/  Research  on  control  of  pales  weevil  and  town  ant  is  an  urgent  need 
in  Texas.   The  former  particularly  should  have  high  priority  within  the 
Forest  insect  Investigations  project.   Since  the  town  ant  is  also  a  seri- 
ous pest  on  agricultural crops,  efforts  should  be  made  to  interest  entomolo- 
gists of  agricultural  agencies  in  further  studies  of  its  life  history  and 
control. 

11/  Development  of  strains  of  pine  with  hereditary  drought -resistance  has 
been  undertaken  by  the  genetics  project  of  the  Texas  Forest  Service. 
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8.   Tests,  on  both  experimental  and  pilot  plant  scale,  under 
significant  variations  of  soils,  forest  type,  and  ground 
cover  conditions,  of  methods  aimed  at  improvement  in  seed- 
ling survival  through  control  of  competing  vegetation. 12/ 
Control  methods  would  include  combinations  of  mechanical 
work,  prescribed  burning,  silvicides,  and  manual  treatment 
of  individual  trees . 

Of  the  eight  classes  of  studies  related  to  seedling  survival,  numbers  1, 
2,  3}    5>  an(3-  8  are  of  first  priority.   Class  1  affords  essential  guid- 
ance to  research  efforts;  class  3  should  develop  a  working  tool  essen- 
tial to  research  and  useful  for  practical  application.   Class  2  provides 
a  direct  approach  to  a  possible  cause  of  seedling  losses,  with  good 
prospects  for  practical  results.   Class  5  contemplates  a  direct  basic 
approach  to  the  most  vulnerable  aspect  of  the  moisture  problem- - 
competition  by  other  vegetation.   Class  8,  though  dependent  ultimately 
on  results  of  more  basic  studies,  is  urgently  needed  to  guide  current 
regeneration  work.   Worth-while  interim  guides  can  be  developed  on  the 
basis  of  currently  available  basic  information. 

Of  the  three  classes  relegated  to  second  priority,  two  cover  basic 
studies  of  great  fundamental  importance,  but  with  less  promise  of  immedi- 
ately applicable  results  than  the  studies  of  competition  for  moisture. 
The  other  class,  number  "J,    is  as  urgently  needed  as  some  of  the  others, 
but  can  probably  be  carried  out  more  effectively  if  it  is  delayed  until 
some  progress  is  made  in  the  studies  of  fundamental  moisture-soil 
relationships . 

Factors  Affecting  Research  Program 

While  the  levels  of  priorities  here  indicated  afford  a  general  guide  to 
the  order  in  which  classes  of  work  should  be  undertaken,  many  other 
factors  will  be  involved  in  the  actual  selection  of  studies.   Chief 
among  such  factors  will  be  the  availability  of  resources,  including 
funds,  technical  manpower,  and  cooperation  from  other  agencies. 

Regardless  of  the  scale  on  which  it  is  possible  to  attack  the  regenera- 
tion problems,  plans  should  aim  at  an  appropriate  balance  between  basic 
studies,  applied  research,  and  pilot  plant  tests.   With  restricted  re- 
sources there  is  a  tendency  to  concentrate  on  the  second  class,  or  where 
cooperation  is  available  to  undertake  pilot  plant  tests  in  advance  of 
fundamental  data.   In  the  long  run  solution  of  regeneration  problems  is 
dependent  on  progress  in  basic  research.   Whether  accomplished  by  forest 
research  centers  or  by  others,  it  is  essential  that  continuing  additions 
be  made  to  fundamental  knowledge.   As  resources  become  available  for  re- 
search in  regeneration,  substantial  amounts  should  be  allocated  to  basic 
studies. 


12/  These  tests  will  parallel,  and  may  in  some  cases  be  combined  with, 
the  tests  of  site  preparation  proposed  as  the  sixth  class  of  problems  of 
initial  establishment  (p.  ^2). 
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BETTER  DIAGNOSIS  AND  PRESCRIPTION 
IN  SOUTHERN  FOREST  MANAGEMENT 

L,    R„    Grosenbaugh 
Southern  Forest  Experiment  Station 


In  Brief 

This  paper  discusses  why  it  is  neither  technically  nor  adminis- 
tratively desirable  to  segregate  data  on  most  individual  stands  of  trees  or 
to  consistently  treat  stands  as  units  of  management.  Particularly  in  the 
Coastal  Plain  of  the  South,  stand  differences  reflect  merely  differences- - 
such  as  age,  density,  or  composition- -that  are  likely  to  be  obliterated  by 
cutting  and  regeneration.  Instead  of  stands,  operating  areas  with  mean- 
ingful, permanent  boundaries  and  convenient  size  (40  to  1,  000  acres) 
should  be  established  as  the  minimum  unit  for  forest  management 
records  and  prescriptions;  however,  a  single  prescription  for  a  record- 
unit  can  specify  different  actions  suited  to  different  tree  classes  and 
density  conditions.  Reconnaissance  on  such  record-units  should  be 
tailored  to  answer  silvicultural  and  operational  questions  instead  of 
merely  providing  the  usual  complex  tables  of  frequency  and  volume  by 
stand   type    and   condition, 

Trees  should  be  classified  not  only  by  their  current  individual 
characteristics  but  also  on  the  basis  of  probable  future  behavior  and 
value.  Growing  space  should  be  classified  as  overcrowded,  well  used, 
wasted,  or  occupied  by  undesirable  vegetation.  Where  growing  space  is 
overcrowded,  a  decision  should  be  made  as  to  which  trees  are  best  en- 
titled to   it. 

Such  classifications  allow  assessment  of  priorities  in  forest- 
management  operations  and  permit  development  of  area  and  tree-class 
prescriptions  for  individual  operating  areas.  Compliance  with  manage- 
ment-plan volume  or  area  regulation  can  be  ensured  with  minimum  sac- 
rifice of  growing  stock  and  maximum  attention  to  regeneration  needs. 
The  last  section  of  this  paper  describes  a  novel  angle-gauge  tally  and 
tally-form  for  efficiently    collecting    needed    silvicultural    data„ 


Stand  Classification:  an  Operationally  Inadequate  Basis  for  Prescription 

A  forester  can  easily  prescribe  the  harvest  of  badly  damaged,    in- 
fested,   or  about-to-die  trees  without  reference  to  their  neighbors.      How- 
ever,   he  cannot  prescribe  the  harvesting,    deadening,    pruning,    or  leaving 
of  healthy  trees  without  reference  to  their  neighbors  and  the  land  around 
them„     A  practical  forester  prefers  to  base  his  diagnosis  on  the  pre- 
valence of  situations  and  tree  classes  on  an  operational  area  as  a  whole 
rather  than  to  make  separate  diagnoses  for  each  small  stand  or  group  of 
trees  he  encounters.      However,    his  prescription  for   several  adjoining 
sta,nds  on  an  operational  area  can  be  flexible  enough  to  specify  different 
treatments  for  different  classes  of  trees  and  for  different  densities  en- 
countered. 

Thus  his  marking  prescription  for  a  given  operational  area  might 
be  to  leave  certain  classes  of  trees,    harvest  certain  classes  of  trees, 
deaden  certain  other  classes  of  trees  (unsalable  on  that  area),    and  harvest 
the  least  desirable  tree  in  any  clump  exceeding  a  specified  density.      On 
any  given  area,    different  stands  might  be  affected  differently  by  the   same 
prescription.      On  another  operational  area,    another  prescription  might  be 
adopted- -perhaps  because  of  different  proportions  or  densities  of  various 
tree  classes,    different  needs  for  regeneration,    variations  in  brush  cover, 
or  different  minimum  requirements  for  operable  cut. 

Many  foresters  have  overlooked  the  fact  that  a  marking  prescrip- 
tion for  an  operational  area  will  be  applied  by  men  capable  of  judging  or 
measuring  tree  class  (present  value  and  growth  or  harm  potential,    size, 
species,    etc  ),    relative  density  (overstocked,    stocked,    understocked), 
and  site  class  (good,    medium,    poor  for  a  given  species).      It  is  unneces- 
sary to  delineate  individual  stands  or  tree  groups  on  a  map  or  to  keep 
facts   separate  for  each  stand  or  class  of  stands,    since  stands  are  merely 
rather  nebulous  groups  of  trees  and  the  land  they  stand  on.     For  the  most 
part,    stands  are   distinguished  by  differences  in  age   or  size  distribution, 
differences  in  quality,    differences  in  density  or  stocking,    and  differences 
in  composition  or   specie s„      Occasionally  this  last  difference  may  be  a  clue 
to  site   difference. 

Tree  classes  and  stocking  conditions  can  be  defined  which  will  re- 
flect nearly  all  differences  in  stands.      Then  a  single  prescription  for  an 
area  can  specify  a  treatment  for  each  tree  class  and  each  stocking  con- 
dition in  a  group  of  neighboring  stands.     Although  one  prescription  (or  set 
of  rules)  is  made  for  a  number  of  stands,    it  may  result  in  each  stand 
being  treated  quite  differently,    if  density  and  distribution  of  tree  classes 
in  each  is  different.     Even  species- site  interaction  can  be  reflected  by 
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tree  classes  which  recognize  a  given  species  as  having  high  potential 
when  found  on  one  site,    and  low  potential  when  found  on  another  site. 

Thus,    representative  samples  of  tree-class  distribution  in  several 
stands  can  be  integrated  to  picture  an  aggregate  tree-class  distribution 
for  the  conglomeration,,      The  sample  can  also  reflect  the  proportion  of  the 
operational  area  that  is  overstocked  or  understocked  (in  terms  of  basal 
area,    a  stocking  criterion  that  is  to  all  intents  and  purposes  independent 
of  age  or  site).      With  this  picture  of  a  group  of  stands,    it  is  not  hard  to 
specify  what  should  be  done  to  certain  tree-classes  in  whatever  stand 
found,    or  what  should  be  done  to  overdense  areas  in  whatever  stand 
found,    or  what  should  be  done  to  understocked  areas  in  whatever  stand 
found,    or  whether  the  area  as  a  whole  would  benefit  from  some  treatment 
that  must  be  applied  on  an  all-or-none  basis  (prescribed  burning,    for  in- 
stance).    A  single  prescription  for  the  area  would  vary  by  tree  classes 
(and  hence  by  site)  and  by  density  situations,    so  the  same  single  pre- 
scription for  a  group  of  stands  could  result  in  quite  different  actions  being 
taken  by  the  marker  as  he  came  to  stands  with  different  proportions  of 
tree-classes  or  different  densities.      Site  would  be  reflected  in  tree  class 
also- -a  given  species  might  be  desirable  on  deep  alluvial  soils  or  norther- 
ly aspects,    and  undesirable  on  shallow  or  sandy  soils  or  southerly  aspects. 

Such  a  concept  provides  for  the  needed  silvicultural  flexibility  on 
a  tree  and  density  basis  without  reference  to  stands.      Present  stand 
boundaries  tend  to  disappear  rapidly  after  cutting,    girdling,    burning,  or 
any  treatment  that  favors  reproduction  over  large  areas;  hence,    deline- 
ating stands  may  contribute  little  to  the  future  management  of  an  area. 
Furthermore,    it  is  administratively  intolerable  to  keep  track  of  a  hodge- 
podge of  small  stands- -they  are  too  small  for  individual  timber  sales, 
prescribed  burns,    access  roads,      or  deadening  operations.     Finally,  main- 
taining the  identity  of  individual   stands  or  stand-classes  greatly  complicates 
inventory  without  improving  sampling  precision:     there  is  usually  high 
volume  variation  within  stand- class  and  poor  stand-area  determination. 

Recognition  and  delineation  of  stands  has,    in  recent  years,    been 
accomplished  almost  entirely  through  interpretation  of  aerial  photos 
(coupled  with  some  ground  reconnaissance).      Delineating  stands  thus  (by 
photo-interpretation,    using  size,    composition,    and  crown  density)  adds 
little  to  the  precision  of  the  necessary  ground- sample,    because  of  photo- 
scale  variation,    photo-interpreter  error,    and  post-photography  changes. 
However,    good  aerial  photographs  are  well  worth  their  cost  to  forest 
managers.      They  are  of  great  value  for  selecting  boundaries  of  and  access 
routes  to  operating  areas,    for  laying  out  fire  lines,    for  orientation  and 
travel,    for  pinpointing  pine  or  hardwood  islands,    and  for  excluding  non- 
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forested  areas  from  sampling.  Considerable  improvement  in  ground- 
sampling  efficiency  results  from  using  aerial  photos  to  map  out  open  or 
non-forested   areas. 


The  Place  of  Record-Units  in  Forest  Management 

Instead  of  working    with    individual     stands,     the     forest     manager 
should  adopt  convenient  and  permanent  operating  areas  whose  boundaries 
will  be  readily  identifiable,  now  and  in  the  future,  both  on  the  ground  and 
in  pictures,  Silvicultural  considerations   should  influence  boundaries   only 
when  it  is  obvious  that  the   same  kind  of  silviculture   should  not  be  applied 
to  adjoining  areas:  in  such  cases   some  noticeable  physiographic  difference 
is  usually   involved.      The    range  in  unit    size  might    be    from    40  to    1,  000 
acres,    just    so    long    as    the  unit    boundaries   serve    to    break    up  the  whole 
property   into    suitable  operating    areas    for  harvesting,     fire    protection, 
prescribed  burning,    and  other  administrative  functions.      These  operating 
areas  should   be  the    smallest    unit  for    which  separate    area  and  volume 
records  are  summarized.     A  single  unit  need  not  be  homogeneous  as  to 
tree-size,    age-class,    species,    site,  type,  or  condition,  although  manage- 
ment may  work  toward  homogeneity  if  that  is  desired.    To  emphasize  that 
volumes  should  not  be  summarized  for  smaller  areas,  the  name  "record- 
unit"    will    henceforth   be    used    to    denote    the    minimum  area  for  adminis- 
trative   purposes. 

A    minimum  diagnostic  tally  for    each   record-unit  should  give    a 
quantitative  picture  of    tree    density    (basal    area    per    acre)    in    major  tree 
classes    meaningful  to  a  manager,      More    elaborate  inventories    can   es- 
timate   tree    diameter,    length,    surface,    and   volume    distribution.      The 
minimum  tally  should  also  give  a  quantitative    picture    of    distribution   in 
space  —  the    relative  frequency    of    clumps  needing    thinning,    the    relative 
frequency  of    openings  with  reproduction,    and   the    relative    frequency    of 
openings  without  reproduction.      The    need  and  priorities    for   TSI  (timber 
stand  improvement- -the  deadening  of  unsalable    stems)    on  each    record- 
unit   can   be    estimated  from  the  basal   area  occurring  in    unsalable,     un- 
desirable categories,  and  the  operability  of  the  record-unit  can  be  rated 
according  to  the  relative  frequency  of  threshold  operating    densities    in 
salable  trees  whose    removal  is   silviculturally   indicated.      Inventory    by 
species  is  not  needed  except  for  utilization,    harvest,    or    sales    purposes, 
and  the    marker's    tally    will    provide    this    information   later. 

All  of    this    quantitative    information    would   allow  a  schedule    of 
relative  priorities  to    be    set    up  for  improvement    cutting,     thinning,   TSI, 
harvest  or  regeneration  cuts,    planting    or    seeding,    prescribed   burning, 
etc.     Major  stand  variations  or  physical  detail  helpful  to  logging,  planting, 


or  other  activities  are  often  obvious  from  aerial  photos;  and  this  may 
help  in  specifying  a  prescription,    but  it  does  not  require  breakdown   of 
acreage  or  inventory  within  a  record-unit.     Some  plot  formulae  helpful 
where  aerial  photos  are  to  be  used  in  excluding  non-forested  area  or  in 
estimating  planting  acreage  are  given  in  Appendix  A. 

Although  it  is  not  silviculturally  necessary  to  convert  a  record- 
unit  into  a  homogeneous  area  of  trees  essentially  homogeneous  in  size 
(even-aged)  or  trees  essentially  heterogeneous  in  size  (all-aged), 
efficiency  of  administration  demands  one  or  the  other.     After  an   un- 
managed,    understocked  forest  has  been  divided  into  record-units,  initial 
volume  cut  for  a  number  of  years  will  be  derived  from  trees  removed  for 
improvement,    salvage,    and  cluster-loosening.     When  record-units  in  the 
South  begin  to  show  basal  areas  of  50-100  square  feet  per  acre,    under- 
stocking ceases  to  be  a  major  problem  and  clusters  of  overcrowded 
trees  tend  to  appear  more  frequently. 

There  are  now  two  efficient  courses  open  to  the  forest  manager. 
If  he  decides  to  carry  a  wide  range  of  size  classes  on  each  record-unit, 
he  will  not  hesitate  to  cut  any  tree  or  group  of  trees  that  he  feels  cannot 
be  made  to  attain  the  rate  of  growth  desired,    even  though  adjacent  large 
trees  cannot  effectively  use  space  thus  provided.      This  is  all-aged  man- 
agement,   and  when  successfully  applied  should  result  in  little  clumps  of 
reproduction  springing  up  as  more  space  is  provided  than  the  overstory 
can  use. 

Various  systems  of  estimating  growth  in  all-aged  stands  have 
been  devised.      Probably  the  repeated  periodic  inventory  of  permanent 
point- samples  (see  Appendix  B)  or  permanent  plot-samples  (continuous 
inventory)  is  the   simplest  and  safest.      Periodic  cut  on  a  record-unit 
should  be  kept  less  than  growth  until  the  desired  stocking  has  been  built 
up.      Once  this  has  occurred,    the  maximum  allowable  cut  can  be  taken, 
anticipating  mortality  and  making  up  the  balance  of  the  cut  among    the 
most  crowded,    least  promising,    and  most  static  trees. 

No  more  will  be  said  about  all-aged  managements,    since  regu- 
lation and  record-keeping  pose  no  serious  problems  in  this  system. 
The  only  serious  problems  which  in  some  localities  militate  against 
all-aged  management  are  phvsiography  (cost  of  light  cut  may  be  too 
high),    obtaining  reproduction  of  the  desired  species  in  small  openings, 
and  coping  with  undesired  species,    heavy  litter,    rough,    or  disease 
without  the  use  of  fire.      Certain  species  (such  as  longleaf  pine)    and 
certain  areas  may  require  the  periodic  use  of  fire;  all-aged  manage- 
ment will  be  definitely  impracticable  in  such  situations.    Also,    where 
reproduction  frequently  fails  to  occur  or  infrequently  survives  to  sap- 
ling size,    all-aged  management  may  not  prove  realistic. 


The  other  efficient  course  open  to  the  forest  manager  after  most 
of  his  record-units  show  basal  areas  of  50  to  100  square  feet  per  acre  is 
to  plan  for  a  time  in  the  future  when  he  will   systematically  start  to  re- 
generate entire  record-units  in  such  a  way  as  to  lead  to  equal  areas  for 
each  age  in  a  progression  of  age-classes  ending  with  the  oldest  age-class 
needed  to  grow  the  maximum  tree   size  desired.      This  is  even-aged  man- 
agement,   and  it  involves  refraining  from  creating  openings  except  to 
anticipate  loss  or  to  provide   space  that  can  be   used  by  the  adjacent  over- 
story.      Unless  clear-cutting  and  planting  are  scheduled,    it  also  involves 
making  preparatory  cuts  to  favor  seed  production  at  least  3  to  5  years  in 
advance  of  a  regeneration  cut  which  covers  an  entire  record-unit.      The 
regeneration  cut  should  remove  all  salable  trees  except  those  desired 
for  seed  production.      Prescribed  burns  may  be  found  useful  just  prior  to 
or  just  after  a  regeneration  cut.      Finally,    even-aged  management  involves 
removing  all  seed  trees  or  sheltering  trees  as   soon  as  reproduction  is 
well  established,    except  where  the  so-called  reserve  seed-tree  method 
has  been  incorporated  into  the  owner's  policy.      With  patchy  record-units 
having  far  less  than  50  to   100  square  feet  per  acre  of  basal  area,    it  may 
be   decided  to  regenerate  at  once  instead  of  waiting  for  a  stocking  build- 
up that  may  never  occur  without  such  measures  as  planting,    seeding,    site 
preparation,    etc. 

With  the  exception  of  the  grossly  understocked  and  patchy  record- 
units  discussed  above,    a  record-unit  under  the  even-aged  system  might 
be  deemed  eligible    for  regeneration  cutting  when  at  least  70  percent  of 
the   salable  basal  area  (or  some  other  arbitrary  proportion)  has  attained 
the  age,    height,    or   diameter  that  is  the   owner's   objective  for  that  average 
site  class.     Groups  of  record-units  aggregating  about  the  same  area  each 
period  should  be   regenerated  periodically  after  the  manager  has   decided 
to  initiate  regeneration  cuttings.      As  a  general  rule,    the  grossly  under- 
stocked units   should  be  regenerated  first,    followed  by  the  units  which 
first  reached  eligibility  or  which  most  greatly  exceeded  the  eligibility 
requirements. 

Naturally,    an  estimate  must  be  made  of  the  time  between  re- 
generation cut  and  the  time  when  70  percent  of  standing  salable  basal 
area  attains  or  surpasses  the  size  set  as  the  goal„      This  period  can  be 
thought  of  as  the  rotation.      Where   seed-years,    weather,    floods,    or  fires 
are  apt  to  be  unfavorable  year  after  year,    it  is  important  to  advance  or 
postpone  scheduled  regeneration  cuts  so  as  to  take  advantage  of  favorable 
circumstances,      Partial  cutting  in  other  stands  can  be  accelerated  or 
decelerated  to  balance  overages  or  deficiencies  in  area  regenerated 
annually.      It  is  obvious  that  variation  in  "waiting  periods"   will  make 
any  precise  calculation  of  rotation  illusory,    as  will  variation  in  height 
growth  among   sites  and  variation  in  diameter  growth  among  stands   of 
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different  density.      If  it  is  desired  to  narrow  the  difference  in  size  be- 
tween managed  compartments  at  a  fixed  rotation  age,    management  can 
speed  up  attainment  of  a  given  diameter  (by  thinning)  or  a  given  mer- 
chantable height    (by  pruning). 

Occasionally  under  the  even-aged  system  it  will  be    impossible  to 
make  regeneration  cuts  on  equal  areas  at  regular  intervals  without  con- 
siderable sacrifice.      This  situation  will  usually   be  caused  by  the  exces- 
sively premature  or  excessively  postmature  character  of  the  record-units 
most  nearly  meeting  the  eligibility  specifications.    It  might  be  advisable 
to  regenerate  a  greater  area  of  postmature  units  than  called  for,     or    a 
smaller  area  of  premature  units.      This  may  prevent  securing  a  balanced 
age-class  distribution  in  the  first  rotation,    but  the  peaks  and  troughs    in 
the  harvest  cut  can  be  levelled  off  by  making  lighter  or  heavier  partial 
cuts  in  record-units  not  being  regenerated  during  such  periods  of  ab- 
normal regeneration  cutting. 

Before  going  further,  it  would  be  well  to  define  some  illustrative 
tree  classes  for  use  in  a  management  cruise.  A  set  of  definitions  like 
that  on  the  next  page  will  allow  prescriptions  to  be  made  and  priorities 
to   be    set,     and   will    greatly    simplify   a    silvicultural   inventory. 

The  proposed   tree-class    code  names  are  short,    suggestive,    and 
systematic.      They  avoid  commonly  used  "woods  language,  "  which  has    al- 
ready   suffered   from    loose     usage     or    ambiguity- -terms     such   as    cull, 
overburden,    etc. 

Other  definitions  than  those  given  below  may  be    used,    depending 
on  the  owner's    desires  and  objectives,  but  the    general  idea  of  priorities 
is    basic.      Whatever  quantitative  definitions  are  used,    it    is  obvious    that 
assignment  to  classes  based   onexpected   future    behavior    will   be    more 
or    less    subjective,     depending    on   past    experience    and    intuition.      In- 
ventory according  to  prognosticated  tree  classes    will   be  helpful,     how- 
ever,   because  it  estimates  the    desirability  and   magnitude  of  the    follow- 
ing jobs:    (1)  salvaging  static,    lessening,    or  threatened  values,  (2)    pro- 
viding adequate  growing  space  for  valuable  or  potentially  valuable  trees 
by   removal    of   less  valuable    Payers    or    Cruds;    (3)  regenerating    stands 
which  are  nof  utilizing  space  adequately;  (4)  doing  other  silvicultural  jobs. 
Prescriptions  based  on  such  inventory  may  include  cutting,     girdling, 
poisoning,     pruning,    burning,    ground  disturbance,    soil  amendment,    seed- 
ing,   planting,    and  grafting. 
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DEFINITIONS  OF  TREE  CLASSES 

GROWN-UP:  A    tree    of    salable    dimensions,     whose  salability    depends    on    other    factors. 

PAYER:  A  salable  tree- -one  whose  stumpage  has  a  current  market  value  greater  than  zero. 
When  it  cannot  be  established  by  actual  bid  of  prospective  purchaser,  locally  accept- 
able minima  must  be  arbitrarily  specified;  specifications  should  cover  species,  tree 
dimension  and  shape,  quantity  of  acceptable  products  per  tree,  description  of  min- 
imum acceptable  product,  proportion  of  harvested  bole  which  must  yield  acceptable 
products,  maximum  allowable  product  defects  such  as  knots,  decay,   stain,  insects,  etc. 

Grower:      A  payer  whose  expectancy  of  living  for  the  next  10  years  is  at  least  -2—  while  its 

,  ,    stumpage  value   10  years  hence       .„  ,         .  ,         .4  .;.. 

expected  ratio  of  c—a * will  be  at  least—  if  it  survives 

stumpage  value  now  3 

and  is  given  adequate  space.      Obviously,    the    expected  future    value    of    such   a 
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tree  is  at  least x  —  =  —   current  value,  or  an  increase  at  the  rate  of  at  least 

10       3       5 

1.  8  percent  compound  interest.    Characteristics  or  symptoms  useful  in  classi- 
fying trees  as  growers  include   size,    form,    species,    site,    vigor    (crown,     bark, 
root),    and   freedom   from    knots,    lean,    serious    pathogens,    etc.       Some  people 
call  such   trees    "crop  trees"    or    "good   growing  stock."    It   is  not  difficult   to 

,,,.,_  c  volume   10  years  hence       (D-N)2  N  .,  .    ,    .         ., 

calculate  the  ratio  of  - =  v ^ —  if  one  postulates    the 

volume  now  (d-np   n 

d.  b.  h.  and  number-of-log  increase  from  d  to  D  and  from  n  to  N  in  10  years;  the 
ratio  thus  calculated  assumes  volume    measured   in   board  feet   (Int.     1/4-inch 
rule).      Of  course,    increment  in  value  due  to  factors  other    than  volume  growth 
(such  as  price  inflation,  quality  improvement,  lower  unit  operating  costs)  must 
be  guessed,    and  is  usually  ignored.     Schneider's   somewhat  simpler  approxim- 
ation is:  Growth  percent  =  400  .  where  D  is  d.  b.  h.  in  inches  and  R   is    number 

DR 
of  rings  per  inch;  DR  should  not  exceed  133  when  growth  of  more  than  3  percent 
is  desired. 
Cipher:        A  payer  whose  expectancy  of  living  for  the  next  10-year  period  exceeds   —-,  but 

which  does  not  have  an  expected  ratio  of  stumpage  value   10  years  hence  equal 

stumpage  value  now 
to  at  least—,    and  which  does  not  compete  with  any  grower,     doll,    or    cub  (see 

below).     Some  people  call  such  trees  "financially  mature." 
Topper:       A  payer  similar  to  a  cipher  but  overtopping  a  doll  or  cub  (see  below). 
Slower:        The  least  potentially  productive  of  several  payers  (not  riskers  or  killers--see 

below)    competing  in   inadequate    growing    space.     It  should  be  cut  in   thinning. 
Risker:        A  payer  whose  expectancy  of  living   for    the  next  10-year  period  is  less     than  — . 

It  should  be  cut   to    salvage    potential    loss    through   mortality. 
Killer:         A  payer  infested  with  contagious  pathogens. 

CRUD:      A  grown-up    which    cannot   be    sold   because    of  species,    form,    knots,     rot,     insects, 
or  other  defects. 
Null:  A  crud  not  competing  with  any   grower,     doll,     or    cub    (see  below). 

Cork:  A  crud   overtopping    a    doll    or    cub   (see    below). 

Pang:  A  crud    seriously  competing  with  a  grower  or  harboring  contagious  pathogens. 

DEB:     A  tree    at   least   4-1/2   feet   tall    but    smaller    than   a    grown-up. 

Doll:  A  desirable  deb  which  is  a   potential    grower,    given  adequate  space    and   time. 

Drip:  An  undesirable  deb  which   is    unlikely   to    become  a  grower,  even  though  given 

space  and   time,     but    which   is    not   interfering    with   a  doll  or  cub  (see  below). 
Drag:  An    undesirable  deb  which   is    interfering    with   a    doll    or    cub    (see    below). 

KID:      A  tree  seedling    less    than   4-1/2  feet    tall. 

Cub:  A  desirable  kid   which   is    a   potential    doll. 

Cur:  An  undesirable  kid  which   will   probably   become   a    drip    or    drag. 


Regulated  intermediate  periodic  cutting  of  merchantable  material 
should  not  take  place  till  the  entire  working  circle  has  been  covered  by  an 
initial  improvement  cut;   subsequent  regulated  intermediate-plus-regener- 
ation cuts  should  not  exceed  allowable  cut  for  the  working  circle  unless 
unusual  salvage  operations  are  required.     Regulated  intermediate  cuts 
should  be  allocated  to  record-units  with  the  greatest  operable  cut  of 
Killers,    Riskers,    and  Slowers.     In  even-aged  managemeut,    Toppers  and 
Ciphers   should  not  be  removed  by  intermediate  cuts  unless  operability  of 
an  area  hinges  on  cutting  them,    or  unless  their  harvest  will  tend  to  iron 
out  fluctuations  in  cut  during  conversion  period;  in  uneven-aged  manage- 
ment they  can  be  removed  up  to  the  limits  of  allowable  cut.      Occurrence 
of  numerous  Toppers  may  influence  decision  to  regenerate  early  so  as  to 
take  advantage  of  existing  reproduction,    or  may  predispose  toward 
changing  from  even-aged  to  all-aged  system.     Regulated  regeneration 
cuts  in  even-aged  management  should  be  aimed  at  getting  a  balanced  acre- 
age of  age-classes,    always  cutting  the  most  eligible  record-units  as  needed 
to  make  up  the  desired  acreage.     If  all-aged  management  is  successful, 
there  is  never  any  need  to  make  regeneration  cuts  over  an  entire  record- 
unit  at  once,    since  wherever  more  space  is  made  available  tha.i  estab- 
lished trees   can  use,    new  reproduction  will  spring  up;   this  should  be  a 
continuous  process  that  never  leaves  any  large  area  unstocked. 


Point  Sampling  and  Diagnosis 

Point  sampling    (as  explained  in  Appendix  B)  will  greatly  simplify 
a  silvicultural  and  management  reconnaissance,    and  will  provide  all  the 
volume  data  needed  prior  to  the  usual  tree  tally  made  at  time  of  marking. 
At  every  sample  point,    a  tree  tally  should  be  made  with  each  of  two  angle- 
gauges,    for  quite  different  purposes.      The  most  useful  sizes  for  gauges  in 
medium- sized  timber  not  excessively  open,      dense,     or     brushy  will 
probably  be   104.  18  minutes  or  3.  03  diopters  (basal  area  factor   10,    plot 
radius  factor  2.  75,    crossarm  length  factor  .  0303,    calibration  distance 
factor  33.  0),    and  233  minutes  or  6.  79  diopters    (basal  area  factor   50, 
plot  radius  factor   1.  23,    crossarm    length  factor  .0678,    calibration    dis- 
tance factor   14.  75).      Other  gauges  can  be  used  where  local  experience  so 
indicates,    or  where  different  range  in  optimum  density  is  desired.      Table 
2  in  Appendix  B  lists  a  wide  range  of  gauges  and  corresponding  factors. 
Whatever  angle-gauge  is  used,    it  should  be  calibrated  as  described  on 
page  21   of  Appendix  B  or  by  using   Table   3„ 

The  usual  tally  of  Grown-ups  and  Debs  will  be  made  v/ith  the 
smaller  gauge  (BA  factor  =   10);  this  tally  will  separate  trees  into  at  least 
the  major  classes  of  Payers  or  Crud,    Dolls  or  other.     Recognition  of 
more  classes  will  be  desirable  where  any  cutting  or  TSI  is  contemplated 
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in  the  near  future.     A  suitable  tally  form  is  illustrated  on  page  15,  Oper- 
ability  under  conservative  marking  prescription  may  be  judged  by  the 
proportion  or  grouping  of  points  having  at  least  one  Payer  that  is  tallied 
as  other  than  a  Grower.      Until  experience  dictates  otherwise,    a  count 
of  one  such  tree   should  make  the  point  "operable". 

The  merchantable  height  (in  terms  of  number  of   16-foot  logs  and 
half-logs)  of  qualifying   sawtimber  Payers   should  be  tallied,    and  the  total 
height  (to  the  nearest   10  feet)of  qualifying  pulpwood  Payers   should   be 
tallied.      (This  allows  separate  estimates  of      sawtimber  and  pulpwood 
volumes  to  be  made  with  simple  techniques.  )     Other  qualifying  trees 
should  be  tallied  merely  as  dots.     If  the  angle-gauge  does  not  automatic- 
ally compensate  for  slope  of  over   10  percent,    Table  4  in  Appendix  B  will 
be  found  useful  to  get  an  average   slope  correction  factor  which  can   be 
applied  to  total  volumes  and  basal  areas;  individual  correction  factors  can 
be  applied  to  each  point-tally,    but  such  refinement  is    rarely  justified. 

The  larger  gauge  (BA  factor  =  50)   should  be  used  for    a    special 
silvicultural  determination  at  each  point--to  determine  the  need   for 
thinning  where  Payers  and  Dolls  are  present  and  the  need  for  reproduction 
or  TSI  where  Payers  and  Dolls  are  absent.     If  3  or  more  Payers  or  Dolls 
are  counted  at  a  point,    thinning  is  usually  desirable  and  the  tally  should 
be  starred;  if  1   or  2  are  tallied,    thinning  is  rarely  needed.     A  zero  tally 
indicates  need  for  reproduction.     A    1/250-acre  circle  (radius  7.45  feet) 
should  be  examined  at  all  such  zero-tally  points  and  any  Cubs  should  be 
tallied;  the  number  should  be  enclosed  in  a  square  if  all  Cubs  need   re- 
lease.     If  the  absolute  minimum  reproduction  considered  satisfactory  in 
openings   should  be   something  other  than  250  well-distributed  seedlings 
per  acre,    Table   1  in  Appendix  A  can  be  used  to  get  radius  or  side    of    the 
appropriate  plot.      Where  the  desired  plot  acreage  is  not  shown  in  the 
table,    but  where  it  can  be  obtained  by  dividing  a  tabled  acreage  by    some 
perfect  square,    the  tabled  plot  side  or  plot  radius   should  be  divided  by 
the  square  root  of  the  perfect  square.      Thus,    if  the  radius  of  a    1/250- 
acre  plot  had  not  been  tabled,    it  could  have  been  calculated  by  dividing 
1/10-acre  by  25,    and  its  radius  by  5.      Similarly,    finding  the  radius  of  a 
I/500-acre  plot  merely  requires  dividing  the  tabled  radius  of  a  1/5-acre 
plot  by  1 0,    etc. 

Record-units  with  more  than  25  percent  of  their  points    having 
zero  counts  of  Payers  and  Dolls  according  to  the  large  gauge  and  zero 
Cubs  within  7.45  feet  of  such  sample  points   should  be   considered  as 
needing  special  measures- -possibly  prescribed  burning,    TSI,    scari- 
fication,   interplanting,    or   spot  seeding. 
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Record-units  with  more  than  50  percent  of  points  in  such  doubly 
sad  condition  should  be  considered  for  heavy  TSI,    some  form  of  seedbed 
preparation,    and  regeneration  cutting  followed  by  complete  planting    if 
reproduction  is  unsatisfactory.      It  may  be  more  profitable  to  start   all 
over  than  to  waste  the  land  area  of  the  record-unit  on  such  an  under- 
stocked,   non-reproducing  stand.      This  is  an  economic  determination 
which  will  differ  for   each  area  depending  on  (1)  interest  rates   specified, 

(2)  cost  and  probable   success  of  most  efficient  regeneration  techniques, 

(3)  probable  economic  returns  from  regenerated  stand  as  compared  with 
returns  from  existing  stand.     Hypothetical  answers  can  be  worked  out 
for  any  desired  arbitrary  interest  rate,    assumed  costs,    and  assumed 
yields.      Certainty  of  planting  success,    cheap  planting  costs,    rapid 
growth  rates,    and  low  interest  rates  will  tend  to  cause  the  minimum 
acceptable  stocking  to  be  set  at  a  higher  level.      However,    these  are 
determinations  which  must  be  based  on  owner  preference     and    local 
experience. 

The  larger  angle-gauge  (BA  factor  =  50)  can  also  be  used   later 
on  by  the  marker  in  actually  deciding  which  clumps  should  be  "loosened" 
by  marking  one  or  more  trees  for  cutting.      When  the  large  gauge  is  thus 
used  in  marking  for  thinning,    point-sample  counts   should  be  taken  in 
areas  of  maximum  clustering  or  overlap.      Where  3   or  more  trees    are 
tallied,    those  least  qualified  for  retention  should  be  marked,    so  that  no 
more  than  c  residual   trees  can  be  tallied  with  the  angle-gauge  at  any 
point.      When  no  tally  greater  than  2  occurs  (though  there  must  be  some 
less  than  2),    the  maximum  average  amount  of  unclustered  basal   area  of 
uniform  d.  b.  h.    left  over  an  area,  cannot  exceed  about  83  square  feet  per 
acre.      In  stands  where  d.  b.  h.    varies  but  no  tally  is  greater  than  2,    the 
maximum  average  basal  area  per  acre  could  theoretically  more  nearly 
approach  100  square  feet  per  acre,      These  figures  assume  a  prism  with 
BA  factor  exactly  50.      Of  course,    prescriptions  for  different  maximum 
densities  would  require  angle-gauges  of  different  sizes. 


Example  of  Diagnostic  Tally 

A  simple  design  for  an  angle-gauge  reconnaissance  of  a  record- 
unit  is  discussed  below  to  show  how  diagnostic  data  are  accumulated 
with  a  minimum  of  field  and  office  work,    and  how  costs  and  priorities 
can  be  estimated.      The  reconnaissance  would  require  a  minimum  of 
about  20  unbiased  sample  points  well  distributed  throughout  the  record- 
unit  for  a  standard  error  of  about  +    25  percent  in  volume  per  record- 
unit.     A  volume  total  for  25  such  record-units  would  have  a  standard 
sampling  error  of  only  about  +    5  percent  for  the  ownership  or    working 
circle  as  a  whole.      Each  point  should  be  occupied  and  tallied  separately, 
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with  the  small  angle-gauge  (BA  factor  =  10)  according  to  the  tree  classes 
previously  defined  on  a  tally  form  such  as  that  on  page   15.      Payers 
should  be  tallied  by  number  of  merchantable   16-foot  logs  (to  nearest  1/2 
log)  if  large  enough  for  sawlogs,    and  by  total  height  (to  nearest  10  feet) 
if  of  pulpwood    size.      Non-payers  should  be  tallied  with  a  dot,    as    should 
trees  qualifying  on  the   separate  tally  made  with  the  larger  angle-gauge 
(BA  factor  =  50). 

A  tally  of  5   sample -points  (illustrated  for   simplicity  instead  of  all 
20  points)  might  appear  as  in  the  upper  part  of  the  form  shown  on  page   14, 

Sawlog  and  pulpwood  trees  would  be  counted  separately  in  each 
tree  class,    total  heights  would  be   summed  separately  in  each  class,  and 
the  number  of  logs  would  be  summed  separately  in  each  class.     The  sums 
and  the  tree  count  comprising  each  would  be  recorded  in  the  first  three 
lines  of  the  PER  ACRE  SUMMARY  shown  in  the  middle  of  page   14. 

Conversion  factors  would  be  calculated  as  follows: 

For  a  given  tree  class,    basal  area  per  acre  (square  feet)  would 
be  estimated  by  tree   count,    multiplied  by  instrument  BA  factor,    divided 
by  number  of  sample  points  in  record-unit  (5  in  the  illustration). 

For  a  given  tree  class,    rough  cords  per  acre  (128  cubic  feet    of 

wood,    air,    and  bark)  would  be  estimated  by  total  height  sum,    multiplied 

by    .  005  times  instrument  BA  factor,    divided  by  number  of  sample  points 

in  record-unit.      This  assumes  a  volume  table   comparable  to  MacKinney 

1  / 
and  Chaiken's   Table   5  for  loblolly  pine  (8)—', 

For  a  given  tree  class,    gross  board  feet  per  acre  (Int.    1/4-inch 
rule)  would  be  estimated  by  merchantable  height  sum,    multiplied  by    60 
times  instrument  BA  factor,    divided  by  number   of  sample  points  in 
record-unit.      This  assumes  that  diameter  and  tree  form  tend  to  increase 
with  merchantable  height.      If  desired,    peeled  cubic  feet  in  the   sawlog 
portion  of  the  tree  might  have  been  similarly  estimated  by  adding    1/4 
sawtimber  tree   count  to  merchantable  height  sum  and  multiplying  by  8 
times  the  instrument  BA  factor  divided  by  the  number  of  sample  points. 

Factors  more  locally  valid  than  .  005  and  60  can  be  substituted 
by  taking  some  representative  areas  and  measuring  pulpwood  and  saw- 
timber  trees  thereon. 


1/     Underscored   numbers    in   parentheses  refer    to  Literature   Cited, 
page   27. 
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i  (Cord  volumes)  .,         ,  .   .  ,  „„_ 

) — — — - — .    ,    ,       can  then  be  used  instead  of  .  005,    and 

Z  (BA)  (Total  height) 

Z  (Volume) 


Z  (BA)  (Merchantable  height  +  Constant) 


can  be  used  instead  of  60„ 


If  factors  are  to  be  calculated  from  K  sample  trees   selected  by   angle- 
gauge  instead  of  on  an  area  basis,    the  factor  would  be  calculated 

K 

1   ^~"    (Cord  volume)  ,  ...  *.-■>•  ■,      -,         ■,  r 

—    >     — '    etc.  .    with  a  ratio  being  calculated  for   each 

K  Z-    (BA)  (Total  height)  & 

sample  tree  before  addition;  these    ratios  would  then  be  averaged   for 
the  K  trees  comprising  the  sample.      Even  without  a  sampling  of  the 
local  factors,    expert  judgment  may  suggest  raising  or  lowering  the 
figures  by  5,     10,     or    15    percent  to  allow  for  known  differences    in 
form  class,    upper-log  taper,    or  defect. 

In  the  example  shown  on  page   14,  with  instrument  BA   factor   10, 
the  basal  area,    cord,    and  board-foot  factors  per  tallied  tree  or    unit 
length  work  out  as   shown  at  the  bottom  of  the  tally.         With  these  factors, 
the  tree  count,    total  height,    and  number  of  logs  for  any  class  can  be  con- 
verted to  basal  area,    cords,    or  board  feet  for  diagnostic  purposes. 

To  illustrate,    there  would  be   1,  800  board  feet  per  acre  of 
Growers  on  the  sample  tally  shown  on  page   14,  obtained  as  (15)  (120)  = 
1,  800  board  feet.      Similarly,    there  would  be  3,  780  board  feet  per  acre 
of  Payers.     If  only  sawtimber  can  be  sold,    and  if  it  were  desired  to 
mark  only  Slowers,    PTskers,    and  Killers,    the  cut  per  acre  would   be 
(540  +  300  +  300)  =  1,  140  board  feet,    but  40  percent  of  the  area  would 
be  inoperable  (i.  e.  ,    would  yield  no  cut).      Prescribing  complete  TSI  of 
Pangs,    Corks,    Nulls,    Drags,    and  Drips  would  involve   16  square  feet 
per  acre,    8  square  feet  of  which  would  be  in  small  Drags  or  Drips 
(probably  susceptible  to  prescribed  fire,    if  fuels  and  watershed  con- 
siderations permit;  there  are  few  Cubs  to  suffer).      The  20  percent   of 
points  having  large-gauge  tally  with  three  or  more  trees  is  a  measure 
of  occurrence  of  overdense  clusters.      The  40  percent  of  the  large-gauge 
tally  lacking  Payers,    Dolls,    or  Cubs  indicates  the  need  for  measures 
to  secure  desirable  regeneration.      Logging  and  TSI  may  remedy  this, 
but  more  drastic  measures  might  be  needed.      Local  experience  will 
govern  the  specific  prescription,    but  the  data  allow  a  diagnosis  and  a 
general  prescription.      Had  the  slope  on  the  area  sampled  by  the    5 
points  averaged  25  percent,    all  volume  estimates  would  have  been  in- 
creased by  3  percent  (see  Table  4  in  Appendix  B). 

Many  other   silviculturally  useful  facts  can  be   derived  from  the 
tally.      Marking  can  be  prescribed  which  will   secure  an  operable    cut 
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with   minimum  inroads  into    desirable  growing  stock.      TSI  prescription 
and  cost  estimates  can  be  made  from  the  basal  area  in  undesirable  tree 
classes.     Relative    priority  of   thinning    needs  or    regeneration   cuts    can 
be    established   by  comparing   number    of    starred  or  zero  large-gauge 
tallies    on   a   number    of    record-units. 
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APPENDIX  A 


GROUNDPLOT  AND  AERIAL- PHOTOPLOT  SAMPLING 


Groundplot  Formulae 


Square  groundplot  side  =    208,  7  1  03256  \J  Groundplot  acreage 

Circular  groundplot  radius  =    117.  7521917  \/Groundplot  acreage 


Aerial-Photoplot  Formulae 


RFD  =  representative  fraction  denominator  (i.  e„  ,    if  photo  or  map  scale 
is   1.  20,  000,    then  RFD  =  20,  000). 

RFD 

Ground-miles  per  photo-inch  = — 

K        K  63, 360 

Photo-inches  per  ground-mile  =         ' 

RFD 


Square  photoplot  side  in  inches  =  2504.  52391   V  Groundplot  acreage 

RFD 


Circular  photoplot  radius  in  inches  =   14 1  3.  02630  ^  Groundplot  acreage 

RFD 

Square  groundplot  acreage  =  (  O  photoplot  side  in  inches)2  (RFD)2 


6,  272,  640 
_  ^q       LJ   photoplot  side    in   inches 


i  photo-inches  per  ground-mile 

Circular   grnnndplnt  arreagp  =  (0  photoplot  radius  in  inches)2  (RFD); 

1,  996,  643.  32 


2010.61930 


[©photoplot  radius  in  inches 


photo-inches  per  ground-mile 


If  points  or  dots  on  a  transparency  are  in  a  square  pattern  or  grid  and 
are  classified  as  to  some  characteristic  of  an  underlying  photo  (or  map), 
then  the  acres  represented  by  a  single  dot  are  the  same  as  the  acres  in 
each  square  plot  made  by  connecting  4  adjacent  dots.      Thus; 

Acres  per  classified  dot  =    (  D   dot- spacing  in  inches)2    (RFD)2 

6,  272,  640 


A/tn    '  Li  dot- spa cing  in  inches 


photo-inches   per  ground-mile 
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Table   1.  --Dimensions  for   square  or  round  plots 


Areas  and  dimensions  of 

plots  which  are  convenient 

fractions  of  an  acre 


Areas  and  dimensions 
of  plots  which  are 
decimal  multiples  of  an  acre 


Plot 

area 

(acres) 


Square 
plot 
side 


Circular 
plot 
radius 


Plot 

area 

(acres) 


Square 
plot 
side 


Circular 
plot 
radius 


1/1 
1/2 
1/3 
1/4 
1/5 

1/6 

1/7 
1/8 
1/9 
1/10 

1/12 
1/20 
1/30 
1/40 
1/50 


1/120 
1/250 
1/500 


Feet 

208.7103 
147. 5805 
120.4990 
104. 3552 
93. 3381 

85. 2056 
78. 8851 
73. 7902 
69. 5701 
66. 0000 

60.  2495 
46.  6690 
38. 1051 
33. 0000 
29. 5161 


19. 0526 

13. 2000 

9. 3338 


Feet 

117. 7522 
83. 2634 
67. 9843 
58. 8761 
52. 6604 

48.  0721 
44. 5061 
41. 6317 
39. 2507 
37. 2365 

33. 9921 
26, 3302 
21.4985 
18. 6183 
16. 6527 


1/60 

26. 

9444 

15. 

2017 

1/70 

24. 

9457 

14. 

0741 

1/80 

23. 

3345 

13. 

1651 

1/90 

ZZ. 

0000 

12. 

4122 

1/100 

20. 

8710 

11. 

7752 

10.  7493 
7.4473 
5. 2660 


100. 

10. 

1. 


.  1 

.  01 
.  001 
.  0001 
. 00001 
. 000001 


Feet 

2087. 1033 

660. 0000 

208. 7103 

66.  0000 

20.  8710 

6. 6000 

2.  0871 

.  6600 

.  2087 


Feet 

1177. 5219 

372. 3651 

117. 7522 

37. 2365 

11. 7752 

3. 7237 

1.  1775 

.  3724 

.  1178 


Areas  and  dimensions  of  plots  where 

decimal  multiples  of  grams  per  plot 

equal  pounds  per  acre 


Plot 

area 

(acres) 


Square 
plot 
side 


Circular 
plot 
radius 


Multiply 

;rams  per 

plot  by: 


Feet 

00220462  9.7996 
000220462  3, 0989 
0000220462  .  9800 
00000220462    .  3099 


1. 7484 
.  5529 
.  1748 


Factor 

1 

10 

100 

1000 


453. 59243 
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=  1  pound  per  acre 

=  1  gram  per  96.03335  sq.ft. 
=  453.  59243  grams  per  acre 
=  .01041305  grams  per  sq.ft. 


Convenient  cylinder   sizes  for  soil  sampling 
Diameter  4.  1962  in.  gives  lbs.  per  acre  =  1,000  (grams  per  cylinder) 
Diameter  2.8261  in.  gives  units  per  acre  =  1 ,000,000  (units  per  cylinder) 

grams  of  water  per  cylinder 


Diameter  2.  7874  in.  gives  in.  of  water  = 

Diameter   1.4841   in.  gives   in.   of  water  =  ounces   (avdp)  of  water  per  cylinder 


100 
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APPENDIX  B 

POINT -SAMPLING  THEORY,    APPLICATION,    AND  TABLES 

Point-Sampling   Theory 

The  idea  of  using  an  angle-gauge  to  measure  a  plot  radius  which 
varied  with  tree   size  was  originated  by  Bitterlich  (1).  He   showed  that 

the  number  of  trees  inside  concentric  plots   (whose  radii  depended  on 
tree  size)  tended  to  be  proportional  to  tree  basal  area  density,    which 
was  estimated  by  multiplying  the  count  of  trees  whose  diameters  appeared 
larger  than  the  angle-gauge  by  a  factor  appropriate  to  the  angle-gauge. 
He  later  devised  several  angle-gauges  which  compensated  for  slope 
(2,     3). 

Grosenbaugh  (5)  proposed  a  concept  to  replace  that  of  variable- 
plot-radius.      This  new  concept  recognized  the  fact  that  an  angle-gauge 
was  really  a  point- sampling  device  rather  than  a  plot- sampling  device. 
He  postulated  that  a  given  angle-gauge  delineated  huge  "rings"    around 
trees,    with  each  "ring"    diameter  being    K    times  its  tree  diameter,    and 
each  "ring"    area  being    K2   times  its  tree  basal  area;  a  large    K    was 
associated  with  a  small  angle.     An  observer  standing  at  a  sampling  point 
would  then  determine  (by  means  of  his  angle-gauge)  within  which    tree 
"rings"    his   sampling  point  lay  (since   usually  multiple    "rings"    overlap). 
The  point- sampling  concept  left  no  doubt  about  the  kind  of  sampling    being 
used--it  was  sampling  with  probability  proportional  to  basal  area    (in- 
stead of  proportional  to  frequency,    as  in  plot- sampling).      This  concept 
was  responsible  for  new  and  direct  techniques  for  estimating  frequency, 
volume,    and  growth  per   acre,    as  well  as   some   shortcuts    (6). 

Muller  (9)  first  visualized  the  advantage  of  using  a  wedge-prism 
as  an  angle-gauge.      Bruce  (4)  independently  conceived  the   same  idea 
later,    and  improved  on  it  by  a  novel  prism- rotation  which  automatically 
compensated  for   slope.      He  also  first  suggested  the  use  of  decentered 
lenses  as  magnifying  angle-gauges. 

To  understand  point- sampling,    suppose  that  each  tree  in  the 
forest  were  encircled  at  breast  height  by  its  own  huge  imaginary  "ring" 
with  a  diameter  66  times  as  large  as  that  of  the  tree.      Naturally,    many 
of  these  imaginary  "rings"   will  overlap,    so  when  a  random  sample 
point  is  located  in  the  forest,    it  will  probably  lie  inside  a  number  of 
these"rings"o      If  the  "rings"  inside  which  the  point-sample  falls    are 
counted,    it  is  obvious  that  the  count  will  tend  to  be  proportional  to  the 
amount  of  "ring"  area  per  acre  (allowing  for  overlaps),    which  in  turn 
is  exactly  (66)2  times  as  great  as  the  amount  of  basal  area  on  the  area. 


The  probability  of  having  a  single  random  point- sample  fall  with- 
in any  one  of  these  "tree-rings"    (i.  e.  ,    of  selecting  that  tree  as  a  sample- 
tree  or  tally-tree)  would  be  (66)2  times  the  basal  area  of  that  tree  divided 
by  the  total  land  area  being  sampled.      A  single  random  point- sample  of 
the  circular  acre   surrounding  a  tree   of  basal  area  =   1    square  foot  would 
have 

— - — ~ —  (1)   =   1/10    (one  chance  out  of  ten)  of  falling  within  the   "ring"of 
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that  tree.     It  would  have  4  times  as  much  chance  of  falling  within  the 
"ring"  of  a  tree  with  twice  the  diameter  or  4  times  the  basal  area.      No 
matter  how  many  random  point- samples  might  be  taken  on  that  acre,  the 
larger  of  the  two  trees  would  tend  to  be  counted  4  times  as  often  as  the 
smaller  tree.      There  is  no  bias  if  the  same  tree  is  repeatedly  sampled 
for  basal  area,    volume,    or  frequency  as  long  as  the  points  are  located  at 
random  or  in  a  systematic  manner  not  correlated  with  the  tree  population. 

In  order  to  combine  a  number  of  point- sampled  trees  and  blow 
them  up  to  a  per-acre  basis,    it  must  be  remembered  that  point- sampled 
trees  are  not  sampled  proportionally  to  their  frequency  as  plot- sampling 
would  do.      Hence,    their  basal  areas,    volumes,    frequency,    etc.    should 
not  be  given  the  same  equal  weight  as  in  plot- sampling.     Instead,    before 
any  further  calculations  are  made,    each  point- sampled  tree   should  have 
its  basal  area,    volume,    frequency,    etc.    weighted  inversely  as  its  proba- 
bility of  being  sampled.      Dividing  each  sample-tree  basal  area,    volume, 
or  frequency  by  its  own  basal  area  does  this.      Hence,    for  each  point- 
sampled  tree,     =   1,    or    ,    or are  the  quantities  which  must  be 

K  BA  BA  BA 

added  to  similar  quantities  from  other   sample  trees  in  order  to  get  an 
unbiased  estimate  of  basal  area  density  per  acre,    volume  density   per 
acre,    or  frequency  per  acre  respectively.      Of  course,    these  sums  must 
be  divided  by  the  number  of    sample  points,    and  divided  by  a  constant 

(66)2  T 

appropriate  to  the  angle-gauge   (dividing  by  -\ — -~  =   — —   in  the  preceding 

43,560         10 

example  is  equivalent  to  multiplying  by  10,    the  basal-area  factor  for    an 
angle-gauge  which  delineates  a  "ring"  with  a  diameter  66  times  that  of 
the  tree  it  encircles). 

If  increment  cores  are  taken  from  point- sampled  trees,    and  if 
their  past  basal  areas  or  volumes  are  estimated  in  the  usual  fashion, 
each  past  tree  quantity  must  be  divided  by  present  tree  BA  before  addition 
to  obtain  the   sum  of  ratios  per  point  for  the  frees  now  surviving.     Instead 

BA                r>ast  BA 
of    =  1,      £ will  always  be  less  than  1.      Such  a  technique  is 

BA  present  BA 

exactly  consistent  with  the  one  described  in  the  preceding  paragraph. 
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Another  interesting  phase  of  point- sampling  theory  involves  per- 
manently monumented  point- samples  for  measuring  growth.  Where  in- 
dividual tree  records  are  maintained  for  numbered  trees  and  future  re- 
examinations maintain  tree  identity,  the  same  technique  described  above 

r        r.  j       4-  u  i  j  ..  4.-U         future  BA  .,,       , 

for  bored      trees       can  be  employed,    except  that will    al- 

present  BA 

ways  be  greater  than  1,    etc.      Such  a  system  allows  calculation  of  sur- 
vivor growth,    ingrowth,    and  total  drain  (including  mortality)  by  initial 
tree  and  diameter  classes,    if  desired.      The  next  future  reexamination 
will  number  and  record  newly  qualifying  trees,    though  they  will  not  enter 
into  calculation  for  the  preceding  periodic  growth.      Calculation   of   each 
subsequent  periodic  growth,    however,    will  always  use  all  trees  tallied 
at  the  preceding  examination,    and  basal  areas  at  the  start  of  each   new 
period  will  be  used  in  subsequent  weighting. 

If  individual  trees  are  not  numbered  and  subsequently  identifiable, 
permanent  point- samples  can  still  be  used  to  measure  net  change  in 
volume  or  basal  area,    though  this  cannot  be  broken  down  into  survivor 
growth,    ingrowth,    and  total  drain.     In  this  case,    each  retally  at  a  point 
would  include  all  newly  qualified  trees,    and  basal  area  at  the    time    of 
tally  should  be  used  in  weighting,    just  as  in  ordinary  cruising. 


Point-Sampling  Application 

In  application,    point-sampling  is  simple.     At  any  given  sampling 
point,    the  forester  tallies  all  trees  within  whose  "ring"  his  point  falls. 
To  estimate  basal  area  per  acre,    he  need  merely  count  these  trees.     To 
approximate  volume  per  acre,    he  need  merely  estimate  the  merchantable 
or  total  height  of  these  trees  (although  more  accurate  volume  estimates 

...  .  ,    ,  volume  .      ._. 

require  either  measuring  each  tree     ratio  (7),    or  using    a 

basal  area  — 

volume  table  to  estimate  this  ratio).      To  estimate  frequency  per  acre,heneed 
merely  measure    diameter  of  each  tree  and  give  each  tree  a  weight  pro- 
portional to  the  squared  reciprocal  of  its  diameter. 

The  forester's    angle-gauge  will  tell  him  whenever  he  is    inside 
the    "ring"    of  any  particular  tree.      With  the  intercept-type  angle-gauge, 
he  tallies  each  tree  whose    d.  b.  h.     appears  larger  than  his    angle-gauge 
crossarm  or  intercept.      With  the  prism-type  angle-gauge,    he  tallies 
each  tree  whose  horizontally  deviated   d.  b.  h.  -image  viewed  through  the 
prism  appears  to  overlap  its  simultaneously  and  directly  viewed   d.  b.  h. 
With  either  gauge,    the  d.  b.  h.    of  tallied  trees  must  subtend  an  angle 
larger  than  that  defined  by  the  gauge  itself. 


20  - 


Table  2  shows  a  wide  range  of  angle-gauge  sizes  (in  minutes  and 
in  prism- diopters)  and  gives  the  basal-area  factors  by  which  average 
tree  count  at  a  point  must  be  multiplied  in  order  to  get  basal  area  per 
acre.      Basal-area  factors  are  also  needed  in  the  various  volume    and 

frequency  calculations    (the  —  '      .       =   10    in  the  preceding  example  illus- 

(66) 

trates  how  the  constant  is  a  part  of  the  probability  associated  with   the 

gauge). 

In  addition  to  basal-area  factors,    Table  2  shows  plot  radius  factors 
appropriate  to  each  angle-gauge.      These  are  useful  in  checking  "doubtful" 
trees,    where  it  is  difficult  to  tell  whether  a  sampling-point  is    inside    or 
outside  a  particular  "tree-ring".      To  qualify  as  a  sample  tree,    distance 
from  heart  of  tree  to  sampling  point  (in  feet)  must  be  less  than  tree  d.  b.  h. 
(in  inches)  times  plot  radius  factor.      Thus,    a  10-inch  tree  must  be  less 
than  27-1/2  feet  distant  from  a  sampling  point  in  order  to  be  tallied 
where  a  104.  18-minute  angle-gauge  is  being  used. 

The  last  two  columns  in  Table  2  are  aids  in  constructing  or  cali- 
brating an  angle-gauge  which  will  approximate  a  desired  angle.      The 
"Crossarm    length  factor"    column    indicates    the    appropriate    ratio    of 

crossarm  length  ,  ,  ,.    ,     ,  , 
2 to  use  when  constructing  a  stick-type  angle-gauge. 

optical  base  length 

Thus, to  construct  a  gauge  with  a  basal-area  factor  of  50  and  an  optical 

base  of  30  inches,    the  crossarm  should  be  (.  0678)  (30)    =  2.  034  inches 

long.     As  a  general  rule,    stick-type  gauges  with  optical  bases  much 

shorter  than  30  inches  should  not  be  used  because  the  human  eye  cannot 

simultaneously  focus  on  tree  and  crossarm  of  shorter  bases.     It   will  be 

noted  that  the  crossarm  length  factor  is  very  nearly  equal  to  P  - 

100 

The    "Calibration  distance  factor"  column  in  Table  2  indicates  the 
distance    X  (in  feet)  at  which  the  given  angle-gauge  will  exactly  subtend 
or  deviate  a  rectangular  target  which  is   1  foot  wide.      The  use  of  the 
calibration  distance  (X)  requires  further  explanation.      Since  it  is  usually 
impossible  to  purchase  or  construct  a  gauge  having  the  exact  specifica- 
tions desired,    it  is  important  to  know  how  to  ascertain  the  appropriate 
factors  for  a  gauge  whose  angle  is  imperfectly  known.      This  is  known 
as  "calibrating"  an  angle-gauge.      The  appropriate  factors  for  any 
particular  angle-gauge  (prism,    stick,    or   milscale)  can  be  readily 
determined  by  setting  up  (at  eye-height)  a  rectangular  target  which  is 
one  foot  wide,    and  by  then  backing  off  in  a  level  plane  along  a  line  bi- 
secting the  target  till,  the  target  exactly  covers  the  angle  laid  off  by  the 
gauge  (or  is  exactly  deviated  by  the  prism).     If  this  calibration  distance 
in  feet  from  target  center  to  angle  vertex  is   called  X  (the  vertex  occurs 
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at  the  prism,  or  at  the  peephole  of  the  stick,  or  at  one  focal  length  in 
front  of  the  objective  lens  of  a  milscale  instrument),  then  for  that  in- 
strument: 

Basal-area  factor 
(sq,  ft.  per  acre) 
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1  +  4X2 

s] 

1  +  4X2 

Plot  radius  factor 
(feet  radius    per  24 

inch  of  d.  b,  h.  ) 

Crossarm  length  factor  1 

(any  common  units)  X 

Since  many  people  are  primarily  interested  in  angle-gauges  with 
basal-area  factors  near   10,    Table  3  has  been  precalculated  so  that  when 
X   falls  between  the  tabled  limits  of  X,    a  corresponding  accurate  basal- 
area  factor  can  be  read  directly  for  all  values  of    X   between  the    tabled 
interval.     At  least  10  estimates  of  X    should  be  made,    and  the  correspond- 
ing basal-area  factors  should  be  averaged  to  get  an  adequate  instrument 
calibration  (i.  e.  ,    a  reasonably  reliable  basal-area  factor).     For  angle- 
gauges  beyond  the  range  of  the  precalculated  values,    it  will  be  almost  as 
accurate  to  average   10  or  more  values  of  X  and  to  then  calculate  a  single 
basal-area  factor  by  the  above  formula.      The  coefficient  of  variation  of 
individual  basal-area  factor  calibrations  is  a  good  index  for  comparing 
precision  of  several  different  gauges  or  types  of  gauge. 

Although  an  angle-gauge  with  a  basal-area  factor  of  10  has  been 
found  free  from  brush-bias  in  the  South,    somewhat  smaller  angles  have 
encountered  difficulty  with  brush  in  the  South.      In  exceptionally  brushy 
localities  or  with  large  trees  (as  on  the  West  Coast),    somewhat  larger 
angles  may  be  desirable.      The  optimum  size   of  angle  with  respect    to 
the  reciprocal  of  cost-times- sampling- variance  has  not    been  determined 
for  any  locality. 

Point-sampling  requires  common  sense  and  care.      Failure    to 
observe  the  following  precautions      will  usually  lead  to  erroneous 
estimate  s: 

(1)  Calibrate  angle-gauge  properly. 

(2)  Locate  point-samples  in  an  unbiased  fashion  (systematically  or  at 
random,    so  that  margins  are  sampled  in  a  representative  fashion). 

(3)  Use  a  large  enough  angle  to  avoid  brush  bias  (the  masking  of 
qualified  trees  by  brush  or  intervening  trees). 
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(4)  Correct   for  slope  of  over    10   percent    either    by   automatic    gauge- 
correction,    or    by   a  correction  factor    (Table  4)„ 

(5)  Check  enough  doubtful  trees    (using    tree  d,  b.  h.     and  plot   radius 
factor)    so  as  to  establish   a    combined   personal  and  gauge  correction 
factor.     If  the    individual    is    unbiased   and  if  instrument  calibration 
has  been  carried  out  correctly,    about   half   of  doubtful    trees  should 
be  tallied,    but  each  person  must  establish   a   valid  factor    for    him- 
self  and   a   particular    gauge. 

(6)  Weight  each  accurately  measured    sample-tree    basal  area,     volume, 
or  frequency  by  the  reciprocal  of  the  probability  of  sampling  it.     At 
points    well    inside    a    tract,    where    360     sweeps    are    made    with   an 
angle-gauge,    sampling  probability  is  a  simple  function  of  basal  area, 
as  explained  earlier.     At  points  which  fall  near  the  boundaries  of    a 
tract,    the  usual  360°  sweep  should   be    replaced  by   a    180°,    90°,     or 
60°  sweep  toward  the  boundary   from    lines  roughly   paralleling    the 
boundary  and  passing  through  the   sample  point.     No  tree  occurring 
beyond  the  boundary  should  be  tallied.      The  sector  tallies   should  be  mul- 
tiplied by  2,4,    or  6  to    compensate   for    reduced   probability  of  sam- 
pling any  tree  in  this  zone.     As  a  practical  measure,    where  location 

of  the  boundary  is  not  known  exactly,    it  is  usually  more  convenient 
to  make  the  partial  sweep  toward  the  interior  instead  of  toward  the 
boundary.      Only  a  negligible  bias  is  introduced  by  using  interior 
instead  of  exterior  sweeps. 

(7)  Factors  locally  more  valid  than  60  or    .005  should  be  derived   where 
these   short-cut  approximations    are    not    deemed    satisfactory. 

(8)  Set  proper  fiducial  limits  for  any  estimates  or  comparisons,    and  use 
appropriate  statistical  techniques  for  analyzing  differences, 


23  - 


Table  2.  --Convenient  angle-gauge  sizes  and  factors  for  point- sampling 


standing  trees 

Angle 
size  or 

-gauge 
strength 

Basal 

area 

factor 

Plot 
radius 
factor 

Crossarrr 
length 
factor 

Calibration 

distance 

factor 

Minutes 

Prism -diopters 

Sq„    ft. 

Ft.  /inch 

X 

.  96 

)er  acre 

:     d.  b.  h. 
8,  696 

0.  0096 

32,  94 

1 

104,  1 

46.  59 

1.  36 

2 

6.  149 

.  0136 

73.  7 

52,  09 

1.  52 

2-1/2 

5,  500 

.  0152 

66.0 

57.  06 

1.  66 

3 

5.  021 

,  0166 

60,  2 

60.  15 

1.75 

3-1/3 

4.  763 

.  0175 

57«  1 

65.  89 

1.  92 

4 

4,  348 

,  0192 

52.  2 

73.  66 

2.  14 

5 

3,  889 

.  0214 

46.  7 

104. 18 

3.  03 

10 

2.  750 

.  0303 

33,  0 

127.  59 

3.71 

15 

2.  245 

.  0371 

26,  9 

147. 34 

4.  29 

20 

1.  944 

.  0429 

23.  3 

164. 73 

4.  79 

25 

1.  739 

.  0479 

20.  9 

180.46 

5.  25 

30 

1.  588 

.  0525 

19.  0 

190.  11 

5.  54 

3  3-1/3 

1.  506 

.  0553 

18,  1 

194, 92 

5.  67 

35 

1,470 

.  0567 

17.  6 

208.  38 

6,  07 

40 

1.  375 

.  0606 

16.  5 

221.  02 

6.44 

45 

1.  296 

.  0643 

15,  55 

232. 99 

6.  7  9 

50 

1.  230 

.  0678 

14.  75 

244, 36 

7.  12 

55 

1.  173 

,0711 

14.  06 

255.  23 

7,44 

60 

1.  123 

.  0743 

13,46 

265. 66 

7.  74 

65 

1.  079 

.  0773 

12,  93 

275, 69 

8,  04 

7  0 

1.  039 

.  0802 

12046 

285.  37 

8    32 

75 

1.  0  04 

.  0831 

12.  04 

294, 74 

8.  59 

80 

.  9723 

.  0858 

11.  66 

303. 82 

8,  86 

85 

.  9432 

.  0884 

11.  31 

312, 63 

9.  12 

90 

,9167 

.0910 

10,  99 

321. 20 

9.  37 

95 

.  8922 

.  0935 

10.  70 

329. 55 

9=  62 

100 

.  8696 

.0959 

10,42 

345„  65 

10.  09 

110 

.  8292 

.  1006 

9,  94 

361.  04 

10.  54 

120 

.  7939 

.  1051 

9.  51 

375.  79 

10,  98 

130 

.  7627 

.  1094 

9.  14 

389. 99 

11.  39 

140 

.  7350 

.  1136 

8,  81 

403.  70 

11.  80 

150 

.  7100 

.  1176 

8.  51 

416.  95 

12.  19 

160 

.  6875 

,  1214 

8.  23 

429,  80 

12.  57 

170 

.  667  0 

.  12  52 

7.  99 

442,  28 

12.  94 

180 

.  6482 

.  1288 

7.  76 

454.  42 

13.  30 

190 

.  6309 

.  1324 

7.  55 

466, 24 

13.  65 

200 

.  6149 

.  13  58 

7.  36 

24  - 


Table  3.  --Appropriate  factors  for  angle-gauge  calibration,    based  on  (X), 


the   dis 

tance 

in  feet 

at  v/hi 

ch  a 

1-foot 

tai 

'get 

is  exactly 

inter- 

cepted 

or  de 

viated. 

Measure 

(X)  as 

a  p 

erpendicular  from 

center 

of  tar 

get  to  p 

rism, 

or 

to  the  e 

ye 

if  a 

stick-type 

gauge, 

or  to  a 

point 

one  foe 

al  len 

gth 

in  front 

of 

the 

objective  1 

ens  if 

a  stadia-type  gauge 


Limits 
of 
X 


Basal 

area 

factor 


Plot 
radius 
factor 


Cr  ossarm 
length 
factor 


Limits 

of 
X 


Basal 

area 

factor 


Plot 
radius 
factor 


Crossarm 
length 
factor 


37.  01 

8.  0 

3, 

07 

.  0271 

1   32.  91 

10.  1 

2.  74 

.  0305 

36.  78 

8.  1 

3. 

06 

.  0273 

32.  75 

10.  2 

2.  72 

.  0306 

36.  55 
36.  33 

8.  2 

3. 

04 

.  0274 

j   32.  59 

10.  3 

2,  71 

.  0308 

8.  3 

3. 

02 

.  0276 

32.  43 

10.4 

2.  70 

.  0309 

36.  11 

8.4 

3. 

00 

.  0278 

32.  28 

10.  5 

2.  68 

.  031 1 

35.  90 

32.  12 

8.  5 

2. 

98 

.  0279 

10,  6 

2.  67 

.  0312 

35.  69 

31.  97 

8.  6 

2. 

97 

.  0281 

10.  7 

2.  66 

.  0314 

35.  48 

1 

31.  82 

8.7 

2. 

95 

.  0283 

10.  8 

2.  65 

.  0315 

35.  27 

31.  68 

8.  8 

2. 

93 

.  0284 

10.  9 

2.  63 

.  0316 

35.  07 

8.9 

2. 

91 

.  0286 

31.  53 

11.  0 

2.  62 

.  0318 

34.  88 

j 

31.  39 

9.  0 

2. 

90 

.  0287 

11.  1 

2.  61 

.  0319 

34.  69 
34.  50 

9.  1 

2. 

88 

.  0289 

31.  25 
I   31.  11 

11.  2 

2.  60 

.  0321 

9.  2 

2. 

87 

.  0291 

11.  3 

2.  59 

.  0322 

34.  31 

9.  3 

2. 

85 

.  0292 

!   30.  97 

11.4 

2.  58 

.  0324 

34.  12 

j   30.  84 

9.4 

2. 

84 

.  0294 

11.  5 

2.  56 

.  0325 

33.  94 

9.  5 

2. 

82 

.  0295 

1   30,  70 

11.  6 

2,  55 

.  0326 

33.  76 

30.  57 

33.  59 

9.6 

2. 

81 

.  0297 

|   30.44 

11.  7 

2.  54 

.  0328 

9.  7 

2. 

79 

.  0298 

11.  8 

2.  53 

.  0329 

33.  42 

!   30.  31 

33.  25 

9.8 

2. 

78 

.  0300 

30.  18 

11.  9 

2.  52 

.  0331 

9.  9 

2. 

76 

.  0302 

12.  0 

2.  51 

.  0332 

33.  08 

30.  06 

10.  0 

2. 

75 

.  0303 

12.  1 

2.  50 

.  0333 

32.  91 

j   29. 93 

25 


Table  4.  --Appropriate  correction  factors  for  basal  area  or  volume  per 
acre  calculated  from  unadjusted  angle-gauge  tallies  taken 
on  a  slope,    where   slope  percent  is  measured  at  right  angles 
to  contour 


Limits 
of 

Slope 
correction 

Limits 
of 

Slope 
correction 

Limits 
of 

Slope 
correction 

percent 

factor 

percent 

factor 

percent 

factor 

slope 

slope 

slope 

10.  0 

55.  8 

80.  7 

1.  01 

1.  15 

1.  29 

17.4 

57.  8 

82.  3 

1.  02 

1.  16 

1.  30 

22.  5 

59.  8 

83.  9 

1.  03 

1.  17 

1.  31 

26.  7 

61.  7 

85.4 

1.  04 

1.  18 

1.  32 

30.4 

63.  6 

86.  9 

1.  05 

1.  19 

1.  33 

33.  6 

65.4 

88.4 

1.  06 

1.  20 

1.  34 

36.  6 

67.  2 

89.  9 

1.  07 

1.  21 

1.  35 

39.  5 

69.  0 

91.4 

1.  08 

1.  22 

1.  36 

42.  1 

70,  8 

92.  9 

1.  09 

1.  23 

1.  37 

44.  6 

72.  5 

94.  3 

1.  10 

1.  24 

1.  38 

47,  0 

74.  2 

95.  8 

1.  11 

1.  25 

1.  39 

49.  3 

75.  8 

97.  2 

1.  12 

1.  26 

1.40 

51.  5 

77.  5 

98.  7 

1.  13 

1.  27 

1.41 

53.7 

79.  1 

100.  1 

1.  14 

1.  28 

1.42 

55.  8 

80.  7 

101.  5 

Correction  factor  for  steeper  slopes  is: 
\fl  +  /Slope  percent^2 

\        Too  / 
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This  paper  summarizes  the  results  of  an  analysis  of  stumpage 
prices  for  the  period  January  1949  through  March  1955.  The  data  con- 
sisted of  records  of  334  southern  pine  sawtimber  sales  from  National 
Forests  in  Mississippi,    Louisiana,    and  Texas. 

The  objective  was  to  relate  variations  in  stumpage  prices  to 
measurable  characteristics  of  the  timber  - -differences  in  volume  sold, 
cut  per  acre,  quality,  and  the  like.  Such  characteristics  are  here  re- 
ferred to  as  price  determinants.  The  ultimate  purpose  was  to  lay  the 
basis  for  a  price -reporting  system  that  would  permit  the  appraisal  of 
specific  parcels  of  timber  by  comparing  them,  in  terms  of  the  main 
price  determinants,   with  the  prevailing  market. 

A  reporting  service  would  have  many  values  besides  the  obvious 
one  of  helping  forest  manager  s  balance  silvicultural  objectives  against 
economic  ones.  It  would  tend  to  improve  forest  management  among 
small  landowner  s,  at  least  to  the  extent  that  price  information  enhances 
timber  returns.  It  would  be  useful  in  damage  claims  and  tax  problems, 
where  appraisal  by  comparison  is  the  usual  procedure.  Knowledge  of 
the  premium  paid  for  grade  should  give  forester  s  a  basis  for  evaluating 
the  economic  limits  to  growing  quality  timber  .  The  reports  would  also 
be  of  some   service  in  regional  supply  and  demand  analyses. 

One  barrier  to  definitive  price  reporting  has  been  the  scarcity 
of  reliable  data.  Another  has  been  the  lack  of  proof  that  useful  asso- 
ciations could  be  derived  even  from  suitable  data.  In  this  study,  Na- 
tional Forest  timber  sales  were  analyzed  as  a  first  step  toward  price 
reporting,  since  details  on  timber  sold  and  prices  paid  were  more 
accurately  known  than  for  private  sales.  The  results  show  that  much 
of  the  price  variation  in  these  sales  was  attributable  to  a  few  readily 
measured  factors.  It  thus  appears  that  the  problem  of  taking  and  an- 
alyzing standardized  measurements  of  private  sales  can  be  approached 
with  reasonable  assurance  that  results  will  be  commensurate  with  the 
effort. 


The  analysis  was  conducted  in  two  parts.      The  first  was  ex- 
ploratory,   and  dealt  with  sales  between  January  1949  and  June   1953, 
The  second  part  utilized  the  initial  findings  to  evaluate  additional 
variables  and  to  demonstrate  reasonable  stability  of  the  price  deter 
minants  over  the  period  July  1953  to  March  1955. 


Price  Determinants  Discernible 


In  the  first  phase  of  the  investigation,    data  were  taken  from 
243   sealed-bid  southern  pine  sawtimber  sales,    many  of  which  in- 
cluded varying  proportions  of  upland  hardwoods.     The  Mississippi 
National  Forests,    exclusive  of  the  Holly  Springs  unit,    furnished  101 
sales:  the  Texas  National  Forests,    94;  and  the  Kisatchie  National 
Forest,    in  Louisiana,    48.     An  analysis  was  made  of  all  variables 
that  were  presumably  related  to  stumpage  prices,    provided  that  they 
were  common  to  the   sales  records  and  could  be  expressed  quantita- 
tively. 

Eight  such  variables  were  identified  and  tested  for  associa- 
tion with  the  pine  price  received  per  MBF  (net  Scribner  Decimal  C 
log  scale).      To  simplify  the  analysis,    the  variables  were  coded  as 
follows: 

1.  Pine  price  received  per  MBF,    in  dollars  measured 
to  the  nearest  tenth  (low  15.5,    average   32.  7, 

high  54.  0). 

2.  Time   of  sale --months  serially  numbered  from  1  for 
January  1949  through  54  for  June   1953. 

3.  Gross  volume  of  pine   sold,    in  units  of  100  MBF  meas- 
uredto  the  nearest  10  MBF  (low  20  MBF,    average 
1,380,    high  5,  230). 

4.  Pine  cut  per  acre,    in  units  of  MBF  to  the  nearest  100 
board  feet  (low  200  board  feet,    average   1,  200, 

high  Z,  700). 

5.  Distance  to  the  nearest  hard  road,    graded  gravel  or 
better,    measured  in  miles  (low  0,    average   1,    high  9). 

6.  Average  d.b.h.    of  pine  sold--tree  of  mean  basal  area 
computed  to  the  nearest  tenth  inch  of  tree  diameter 
(low  11.8  inches,    average   13.8,    high  17.6). 


7.  Hardwood  ratio- -the  volume  of  hardwoods  tied  to  the 
pine   sale,    expressed  as  a  proportion  of  the  gross  pine 
volume  to  the  nearest  hundredth  (low  0,    average   .  34, 
high  6.  36). 

8.  Number  of  bids  received  (low  1,    average  4,    high  11). 

9.  Average  volume  per  tree,    in  board  feet  (low  74  board 
feet,    average   103,    high  200). 

Time  of  sale  (with  its  implications  of  rising  or  falling  prices) 
was  included  as  an  arbitrary  variable  for  practical  considerations. 
If  it  had  been  possible  to  obtain  an  adequate  number  of  sales  occur- 
ring at  a  given  instant,    stumpage  price  determinants  uncontaminated 
by  time  could  have  been  isolated.     But  since  it  was  necessary  to  cover 
a  span  of  years  in  order  to  secure  enough  data,    statistical  procedures 
had  to  be  used  to  eliminate,    at  least  in  part,    the  effect  of  time.     Too, 
the  use  of  time  as  a  variable  showed  that,    on  the  average,    pine  sales 
tended  to  become  larger  over  the  period  (r£3  =   .  151*),    while  cut  per 
acre  (r24  =-.  216**)  and  tree  size   (r^  =   -.  343**)  declined.1./ 

With  the  effect  of  time  largely  eliminated,    it  was  possible  to 
evaluate  more  closely  the  relationships  between  price  and  the  other 
variables.      The  significant  associations  between  stumpage  prices  and 
the  independent  variables  are  listed  in  table   1.      The  table  shows  that-- 
with  time  held  constant- -volume ,    cut  per  acre,    and  the  number  of  bids 
received  for  the  timber  were  positively  correlated  with  price.    Hardwood 
ratio  was  negatively  correlated.      Thus,    higher  pine  prices  were  asso- 
ciated with  increasing  sale   size,    heavier  cuts  per  acre,    and  more  bids. 
In  contrast,    increases  in  the  hardwood  ratio  tended  to  lower  pine  price. 
These  points  are  not  particularly  new,    but  they  have   seldom  been 
quantified. 

The  data  also  yielded  highly  significant  associations  between 
number  of  bids  and  volume  of  sale  (roo    ^  -   .404**),    cut  per  acre 
(r48.2  =   .348**),    and  hardwood  ratio  (r73    2  =   -.259**).     This  suggests 
that  forest  managers  can  affect  timber  prices  by  the  way  in  which  they 
mark  trees  for   sale.      That  is,   bids  are  not  solely  a  function  of  adver- 
tising but  are  influenced  by  the  nature  of  the  timber  offering.      Thus, 
bids  appear  to  be  a  joint  variable  in  that  they  are  related  to  timber 
supply  factors  as  we'll  as  to  demand. 


1/     Throughout  this  paper: 

*  =   significant  at  the   5 -percent  level. 
**  =  significant  at  the   1 -percent  level. 
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Table   1.  --Correlation  coefficients  for  sales  between  January  1949  and 
June   1953,   with  stumpage  price  as  the  dependent  variable 


Independent 
variable 


Gross 
simple 
association 


Variables  held  constant 


Time 


Number  of  bids 
and  time 


Time  (2) 

Sales  volume  (3) 

Cut  per  acre  (4) 

Mean  tree  d.b.h.    (6)         -.237** 

Hardwood  ratio  (7) 

Number  of  bids  (8) 


. 639** 

.    .    . 

#407** 

#409## 

(  1/) 

. 286** 

. 237** 

(I/) 

. 200** 

-. 197** 

. 389** 

. 563** 

< 241** 
(I/) 

(  l/) 

( 1/) 


1  /  Correlation  coefficient  was  nonsignificant. 

Among  trees  of  a  given  diameter,    those  with  the  greater  volume 
will  generally  have  less  taper,    more  merchantable  length,    and  higher 
quality.     In  Texas,    the  bulk  of  the  timber  offerings  fell  into  a  very  few 
average  tree  diameter  classes,    but  the  average  volume  per  tree  varied 
widely  within  each  diameter  class.     In  these   sales,    therefore,    it  was 
possible  to  make  a  separate  analysis  with  average  tree  volume,    rather 
than  average  diameter,    as  an  index  of  timber  quality.     As  in  all  sales, 
time  and  bids  proved  significantly  related  to  price.     Beyond  that, 
quality  (average  tree  volume)     was  significantly  associated  with  price 
(rjo    28  ~    .302**).     It  seems  clear  that  a  premium  was  being  paid  for 
high-grade  timber. 

Covariance  analysis  was  used  to  test  the  hypothesis  that  the 
determinants  of  pine   stumpage  prices  are  essentially  the   same  through- 
out the  region  covered  by  this  study.     The  regression  coefficients  for 
time  and  bids  did  not  differ   significantly  between  the  Kisatchie, 
Mississippi,    and  Texas  sales.     On  the  other  hand,    the  mean  bid  prices 
(adjusted  for  time  differences)  were  different  at  the   1 -percent  level  of 
significance.      These   significant  mean  differences  are  due  to  variations 
among  the  three  sale  areas  in  mean  volume ,    cut  per  acre,    hardwood 
ratio,    and  number  of  bids: 
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Hardwood 

Area  Volume         Cut  per  acre  _  Bids 

ratio 


100  MBF 

MBF 

No. 

Kisatchie 

8.6 

0.8 

0.90 

3.6 

Mississippi 

11.  1 

1.2 

.27 

3.9 

Texas 

19.3 

1.3 

.14 

4.9 

In  essence,    the  data  indicate  the  existence  of  a  rather  broad 
price  zone  for  pine  stumpage  in  the   study  area. 


Stability  of  Price  Determinants 

The  chief  consideration  in  the  second  part  of  the  study  was  to 
substitute  readily  measurable  characteristics  of  the  timber  for  such 
variables  as  time  and  number  of  bids.      The  National  Forest  units 
used  initially  were  drawn  upon  for  data  from  91  additional  pine   saw- 
timber   sales  made  between  July  1953  and  March  1955.     This  period 
was  characterized  first  by  gradually  falling  and  then  by  rising  prices 
in  the  wholesale  lumber  market.     As  reported  in  the  "Wholesale  Price 
Index"  of  the  Bureau  of  Labor  Statistics,    No.    2  common  southern  pine 
boards  (1x6  inches)  sold  for  $78  per  MBF  in  July  1953,    fell  to  $70 
in  May  1954,    and  then  rose  to  $77  in  March  1955. 

The  analysis  showed  that  stumpage  prices  were  directly  re- 
lated to  timber  characteristics  and  that  the  relationships  were  un- 
affected by  rising  and  falling  lumber  markets. 

The  independent  variables  included  five  that  had  been  found 
related  to  price  in  the  initial  study,    plus  three  new  ones: 

a.  Pine  price  received  per  MBF  (low  15.3,    average  31.  1, 
high  48.6). 

b.  Gross  volume  of  pine   sold  (low  1,  300  MBF,    average 
1,800,   high  5,460). 

c.  Pine  cut  per  acre  (low  300  board  feet,    average  1,200, 
high  5,  100). 

d.  Hardwood  ratio  (low  0,    average   .31,    high  2.86). 
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e.  Number  of  bids  received  (low  1,    average  4,   high  11). 

f .  Average  volume  per  tree  in  board  feet  (low  58  board  feet, 
average   103,    high  16 1). 

g.  Tree  volume  per  unit  basal  area,    i.e.  ,   total  pine  volume 
sold  divided  by  the  sum  of  tree  diameters  squared  (low  42 
board  feet,   average  59,    high  80). 

h.  Wholesale  price  of  No.  2  common  boards  (1x6)  for  month 
prior  to  sale  to  the  nearest  tenth  dollar  (low  70.3,  average 
75.4,    high  78.7). 

i.        Wholesale  price  of  No.    2  common  boards  2  months  prior 
to  sale  (low  70.3,    average  75.7,    high  79.4). 

Table  2  summarizes  the  significant  associations  between  stump- 
age  prices  and  these  variables.     (The  relevant  data  for  the  period 
January  1949  through  March  1955  are  given  in  the  appendix,    p.    12.)   As 
in  the  prior  analysis,    stumpage -price  differences  were  associated  with 
variations  in  the  volume  of  pine  offered,    cut  per  acre,    and  hardwood 
ratio.      Timber  quality,    as  judged  by  average  tree  volume  per  unit 
basal  area,    was  also  related  to  pine  price.     Further,    an  association 
was  found  between  stumpage  prices  and  wholesale  lumber  price  for  the 
month  prior  to  that  of  the  sale. 


Table  2.  --Correlation  coefficients  for   sales  between  July  1953  and  March  1955,    with  stumpage  price  as 
the  dependent  variable 


Variables 

held  constant 

Sale 

Cut  per 

Hardwood  ratio, 

Tree  volume, 

Independent 

Gross 

volume 

acre,    sale 

cut  per  acre, 

hardwood  ratio, 

variable 

simple 

Lumber 

and 

volume, 

sale  volume, 

cut  per  acre , 

association 

price 

lumber 

and  lumber 

and 

sale  volume,    and 

price 

price 

lumber  price 

lumber  price 

Sale  volume  (b) 
Cut  per  acre  (c) 
Hardwood  ratio  (d) 
Number  of  bids  (e  ) 
Tree  volume  (g) 
Lumber  price  (h) 


. 539** 

. 536** 

.476** 

. 487** 

379** 

.464** 

-.469** 

309** 

-. 218** 

. 525** 

.511** 

527** 

.457** 

437** 

. 331** 

. 382** 

284** 

(W) 

292** 

.206* 

408** 


1  /    Correlation  coefficient  was  nonsignificant. 


These  associations  appear  reasonable.     Larger  sales  should  bring 
better  prices  because  they  tend  to  minimize  cost  per  MBF  to  the  pur- 
chaser for  evaluation  and  inspection.     A  large  purchase,    as  opposed  to 
several  smaller  ones  of  equal  total  volume,   eliminates  much  of  the  ex- 
pense of  moving  from  one  logging  chance  to  another.     The  relation  be- 
tween stumpage  prices  and  cut  per  acre  harmonizes  with  the  general 
opinion  that  logging  costs  per  MBF  decline  as  cut  per  acre  increases. 
The  prevailing  low  quality  of  most  southern  upland  hardwoods  (on  pine 
sites)  probably  accounts  for  the  negative  correlation  between  price  and 
amount  of  hardwood  in  the  sale.     Quality  apart,    pine  operators  find 
hardwoods  difficult  to  manufacture  and  market.     The  positive  correla- 
tion between  timber  quality  and  stumpage  prices  is  gratifying,   but  not 
surprising. 


The  regression  equation  is: 

Ya  =   -24.97  +  .54Xh  +  .  1  8XD  +  2.28XC  -4.08Xd  +  .  17Xg 
It  accounts  for  47  percent  of  the  price  variation;  the  standard  error  is 
$5.     Figure   1  portrays  the  net  effect  of  each  of  the  four  timber  char- 
acteristics    included 
in       the       regression 
equation.     As  can  be 
seen    from    table     2, 
the  factor  of  bids  re- 
ceived  is    capable    of 
enhancing  the    preci- 
sion   with    which   the 
study    sales    can     be 
described. 


These        results 
are  encouraging, 

especially  since  the 
index  of  timber 
quality  was  very 
rough.  In  all  sales, 
the  trees  had  been 
marked  chiefly  be- 
cause of  disease, 
insect  infestation, 
risk,  or  poor  quality, 
or  because  they  were 
suppressing  other 

trees.  Thus  many 
of  the  large  trees 
were       rougher      and 


Figure   1.  --Net  regression  lines  for  each  of 
the  timber  characteristics  that  were  found 
related  to  stumpage  price. 


more  defective  than  the  small  ones.     In  effect,    average  tree  volume, 
even  when  adjusted  for  basal  area  differences,    was  not  so  closely  re- 
lated to  quality  as  can  be  expected  after  these  forests  have  been 
managed  long  enough  so  that  the   sale  timber  comes  from  harvest 
rather  than  intermediate  cuts.     It  seems  fair  to  assume  that  records 
of  sales  in  which  butt  logs  of  marked  trees  were  graded  with  the 
Interim  Log  Grades  for  Southern  Pine  (4)_' would  yield  a  substantial 
improvement  in  the  percentage  of  stumpage  price  variation  accounted 
for  by  differences  in  timber  quality. 

That  the  price  deter minants  are  quite   stable  is  indicated  by 
covariance  analysis  that  compared  sales  for  the  period  of  declining 
prices  with  those  when  prices  were  rising.     In  these  comparisons,    no 
significant  differences  were  found  in  the  regression  coefficients  for 
sale  volume,    cut  per  acre,    and  hardwood  ratio,    nor  in  mean  price 
associated  with  these  factors.     A  significant  difference  in  the  regres- 
sion coefficients  for  timber  quality  was  not  accompanied  by  any 
difference  in  mean  price.     The  different  effect  of  quality  in  a  rising 
and  falling  market  is  probably  due  to  the  crudity  of  the  index  of  timber 
quality. 

Twice  as  many  bids  were  received  per   sale  when  prices  were 
rising  as  when  they  were  falling  (4.8  bids  per   sale  vs.    2.4).      The 
difference  wa"  almost  exactly  balanced  by  an  upward  displacement  of 
the  regression  surface  during  the  period  of  falling  prices,    so  that  the 
bid  coefficients  and  i.he  mean  prices  in  the  two  periods  showed  no 
significant  difference. 

All  of  these  comments  apply  to  periods  of  moderate  changes  in 
lumber  prices.     Precipitous  price  changes  would  very  likely  render 
determinants  impossible  to  identify. 


Price  Reports 

Excellent  studies  of  private  timber  sales  have  been  made 
(1,    3,    6,    7).    Repeatedly,    these   studies  have  demonstrated  that  the  wood- 
land owner  profits  from  knowing  what  he  has  to  sell  and  from  seeking* 
competitive  bids.      They  also  give  some  indication  that  the  relative 


2/     Underscored  numbers  in  parentheses  refer  to  Literature  Cited, 
p.    11. 


quality  of  the  timber  offering  influences  stumpage  prices.     In  contrast, 
and  for  very  good  reasons,    there  is  a  notable  scarcity  of  studies  re- 
lating stumpage  prices  to  measurable  characteristics  of  the  timber 
(2,    5). 

The  chief  problem  in  definitive  price  reporting  has  always  been 
to  reconstruct  pertinent  data  from  past  transactions.     Generally  this 
has  been  a  matter  of  supplementing  scanty  written  records  by  recourse 
to  stump  measurements  and  the  fragile  memories  of  buyers  and  sellers, 
Such  data  necessarily  contain  errors  that  preclude  any  reasonable 
chance  of  relating  prices  to  timber  characteristics.     Today,    however, 
an  opportunity  for  better  data  exists  in  the  corps  of  public  and  private 
foresters  who  offer  marking  and  marketing  services  to  woodland 
owners.     By  collecting  very  little  more  data  than  is  already  required  of 
them,    these  foresters  could  provide  the  material  for  a  price -reporting 
service . 

The  price  determinants  revealed  in  this  analysis  cannot,    of 
course,   be  applied  indiscriminately  to  other  areas  or  price  populations. 

The  timber  characteristics  that  affect  stumpage  prices  are 
likely  to  differ  from  place  to  place  and  possibly  between  public  and 
private  sales.     Accessibility  maybe  a  key  factor  in  the  mountains,    de- 
spite its  lack  of  importance  in  the  Coastal  Plain  area  studied.     In  hard- 
wood regions,    species  composition  and  grade  are  likely  to  be  even 
more  important  than  with  pine. 

These  considerations  suggest  that  definitive  price -reporting 
services  are  dependent  upon  research  to  establish  price  determinants 
by  forest  zones.     In  such  research  it  will  be  advantageous  to  take  data 
over  the  shortest  possible  time   span.     Since  most  investigations  will 
have  to  rely  on  existing  and  probably  not  well- standardized  records, 
initial  results  are  likely  to  be  only  moderately  definitive. 

In  planning  the  reporting  service,    care  should  be  exercised  to 
ensure   standardized  measurements  of  the  important  variables  in  the 
most  rigorously  objective  fashion  possible.     For  example,    one  of  the 
various  ways  of  linking  butt-log  grade  to  tree  diameter  and  merchant- 
able length  will  probably  yield  a  better  quality  index  than  can  be 
obtained  from  subjective  grading  of  upper  logs  in  standing  timber.    Too, 
it  is  likely  that  board-foot  estimates  of  volume  per  acre  give  a  less 
efficient  measure  of  timber  concentration  than  could  be  obtained  by 
summing  the  products  of  tree  diameter   squared  and  total  height  (ZD2H)„ 
As  better  quality  data  accumulate,    it  should  be  possible  to  improve  the 
precision  of  the  price  reports. 
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Summary 

A  study  of  southern  pine  sawtimber  sales  from  National  Forests 
in  Mississippi,    Louisiana,    and  Texas  yielded  quantitative  evidence  in 
support  of  the  following  hypotheses: 

« 
Although  southern  pine   sawtimber  is  not  ordinarily 

sold  by  grade,    purchasers  tend  to  recognize  differences 

in  timber  quality  and  pay  a  premium  for  it. 

The  price  paid  for   stumpage  tends  to  increase  with  the 
total  volume  offered  and  with  its  concentration  (in  terms 
of  cut  per  acre),    and  to  decrease  with  increases  in  the 
ratio  of  hardwood  added  to  the  pine. 

Stumpage  prices  are  associated  with  changes  in  the 
wholesale  market  price  for   southern  pine  lumber. 

The  determinants  of  market  price  for  pine  stumpage 
were  essentially  the   same  for   sales  in  all  3  States. 

The  study  dealt  exclusively  with  National  Forest  sales,    but  it 
seems  likely  that  the  findings  could  be  applied  to  private   sales  in  the 
same  general  region,.     Such  application  might  take  the  form  of  a  price - 
reporting   service  that  would  permit  the  appraisal  of  specific  parcels 
of  timber  by  comparison,    in  terms  of  the  main  value  determinants,   with 
going  prices.     Provision  would  of  course  have  to  be  made  to  assure 
standardized  measurements  of  pertinent  timber  characteristics. 

The  method  of  analysis  outlined  in  this  paper  should  prove  use- 
ful in  identifying  the  price  determinants  in  different  forest  zones. 

Needless  to  say,    timber  characteristics  do  not  entirely  govern 
stumpage  prices;  factors  on  the  demand  side  also  enter  in.      To  begin 
with,    however,   forest  managers  will  be  served  best  if  stumpage  price 
variations  are  accounted  for  in  terms  of  timber  characteristics.     When 
possibilities  on  this  side  of  the  price   scissors  have  been  exhausted, 
demand  factors  could  be  used  to  further  improve  the  price  reports. 
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APPENDIX 


Table  3.  --Sales  data  for  January  1949  through  June  1953 


26.6 


2/49 


4/49 


10/49 


Sale  price 

per  MBF 

Date 

Bids 

Pine 

Pine  cut 

Hardwood 

(dollars) 

received 

volume 

per  acre 

volume 

Number 

100  MBF 

MBF 

Ratio 

30.0 

1/49 

4 

27.9 

1.4 

.  17 

25.5 

1/49 

6 

13.5 

1.3 

.07 

20.0 

1/49 

7 

14. & 

2.6 

.  17 

33.6 

3/49 

6 

27.  1 

1.7 

.09 

26.1 

3/49 

2 

18.0 

1.8 

.31 

24.5 

3/49 

7 

10.9 

1.4 

.31 

20.8 

3/49 

3 

13.3 

1.7 

.34 

20.0 

3/49 

2 

6.2 

1.3 

.31 

.63 


30.0 

5/49 

5 

20.6 

1.4 

29.0 

5/49 

6 

18.8 

1.  1 

.03 

23.0 

5/49 

1 

15.0 

1.3 

.65 

18.6 

5/49 

2 

6.5 

1.4 

18.5 

5/49 

2 

12.5 

1.0 

.04 

16.5 

5/49 

2 

4.9 

1.4 

.08 

16.5 

5/49 

1 

16.3 

1.9 

.26 

31.8 

6/49 

4 

25.5 

1.6 

.27 

28.2 

6/49 

3 

17.0 

1.3 

.29 

23.0 

6/49 

2 

11.7 

.7 

.51 

19.0 

6/49 

1 

18.4 

1.5 

16.6 

6/49 

1 

2.4 

.5 

16.5 

6/49 

1 

3.7 

.8 

.08 

28.  1 

7/49 

5 

15.4 

1.4 

19.6 

7/49 

1 

11.3 

1.4 

.23 

15.8 

7/49 

1 

1.  1 

.3 

.64 

15.0 

7/49 

1 

5.2 

.7 

.44 

16.0 

8/49 

2 

14.0 

1.9 

.37 

27.3 

9/49 

7 

26.2 

1.0 

.05 

26.6 

9/49 

5 

20.2 

2.4 

19.8 

9/49 

6 

2.8 

2.4 

18.6 

9/49 

3 

2.4 

.8 

18.4 

9/49 

5 

4.4 

1.4 

.05 

16.2 

9/49 

4 

15.3 

2.0 

.44 

2.  16 


28.8 

11/49 

5 

15.6 

1.4 

.24 

28.7 

11/49 

7 

13.0 

1.3 

27.6 

11/49 

7 

15.6 

2.2 

.17 

25.8 

11/49 

7 

9.2 

1.4 

.50 

25.5 

11/49 

9 

25.3 

2.0 

.07 

25.5 

11/49 

6 

16.4 

2.4 

.  15 

24.2 

11/49 

9 

10.8 

1.9 

.  17 

22.8 

11/49 

2 

12.0 

.9 

.56 

17.0 

11/49 

1 

1.4 

.4 

6.36 

15.5 

11/49 

1 

.7 

.8 

32.3 

12/49 

8 

17.0 

1.4 

31.3 

12/49 

9 

19.3 

1.0 

30.0 

12/49 

5 

30.  1 

2.  1 

.05 

26.4 

12/49 

7 

35.9 

1.5 

26.3 

12/49 

5 

18.2 

1.4 

.32 

22.5 

12/49 

3 

3.0 

1.3 

.03 

23.6 

1/50 

6 

10.3 

2.2 

.  18 

23.5 

1/50 

2 

3.8 

.4 

.05 

21.0 

1/50 

3 

7.6 

1.0 

.  30 

20.6 

1/50 

6 

8.7 

.6 

32.0 

2/50 

3 

.7 

1.6 

.86 

27.6 

2/50 

5 

14.8 

1.0 

.08 

26.5 

2/50 

8 

14.2 

1.0 

.  13 

26.0 

2/50 

7 

9.0 

.8 

.69 

22.8 

2/50 

6 

14.7 

1.6 

.66 

20.0 

2/50 

3 

2.9 

.5 

5.86 

Sale  price 

per  MBF 

Date 

Bids 

Pine 

Pine  cut 

Hardwood 

(dollars) 

received 

volume 

per  acre 

volume 

Number 

100  MBF 

MBF 

Ratio 

34.8 

3/50 

11 

21.0 

1.3 

28.2 

3/50 

5 

17.4 

2.0 

.24 

27.8 

3/50 

7 

14.7 

2.7 

.22 

27.6 

3/50 

4 

33.2 

1.2 

22.0 

3/50 

5 

4.0 

.6 

.05 

31.7 

5/50 

6 

20.6 

1.4 

.  19 

29.2 

5/50 

4 

15.0 

1.0 

.31 

28.2 

5/50 

1 

1.2 

.3 

.75 

27.8 

5/50 

4 

16.2 

1.0 

26.8 

5/50 

1 

.6 

.9 

1.50 

22.5 

5/50 

2 

3.0 

1.  1 

.  33 

35.0 

6/50 

6 

24.5 

1.4 

.23 

32.0 

6/50 

3 

20.7 

1.6 

.44 

30.  1 

6/50 

5 

21.3 

1.9 

.41 

29.8 

6/50 

4 

4.0 

.7 

.25 

29.3 

6/50 

5 

9.7 

1.4 

.  13 

29.0 

6/50 

5 

16.9 

1.7 

.21 

28.  1 

6/50 

4 

6.7 

1.5 

.  15 

27.6 

6/50 

5 

10.  1 

1.3 

.  17 

18.8 

6/50 

2 

.5 

1.0 

.40 

45.0 

7/50 

11 

19.2 

1.4 

.06 

32.6 

7/50 

5 

10.0 

.9 

.60 

28.2 

7/50 

3 

5.8 

1.  1 

28.2 

7/50 

5 

17.0 

1.3 

23.6 

7/50 

3 

17.6 

1.4 

.61 

23.0 

7/50 

3 

.5 

.7 

22.0 

7/50 

1 

2.8 

.7 

.29 

52.0 

8/50 

10 

23.7 

1.5 

.06 

24.6 

8/50 

3 

2.9 

.6 

.48 

18.5 

8/50 

3 

3.5 

.7 

.06 

54.0 

9/50 

8 

12.9 

1.5 

.09 

21.0 

9/50 

1 

2.4 

1.0 

37.4 

10/50 

9 

9.1 

2.0 

.03 

32.5 

10/50 

8 

10.5 

.9 

.06 

28.5 

10/50 

2 

1.4 

.9 

2.78 

36.9 

11/50 

4 

12.3 

1.3 

.22 

30.0 

11  /50 

5 

6.4 

1.2 

.67 

37.5 

12/50 

7 

22.6 

1.  1 

.29 

31.8 

12/50 

3 

9.5 

.5 

28.8 

12/50 

2 

4.3 

.4 

36.2 

1/51 

4 

15.4 

1.5 

.33 

31.8 

1/51 

8 

23.  1 

1.  1 

.06 

31.0 

1/51 

3 

2.4 

.4 

1.  58 

29.8 

1/51 

10 

6.8 

.5 

.34 

39.6 

3/51 

6 

17.6 

1.4 

.02 

34.5 

3/51 

3 

7.7 

.7 

1.  19 

34.5 

3/51 

6 

7.0 

.5 

.  13 

28.2 

3/51 

2 

6.6 

.3 

1.97 

25.6 

3/51 

4 

10.0 

1.3 

.32 

44.3 

4/51 

6 

15.2 

1.3 

.  12 

36.2 

4/51 

7 

.7 

1.5 

.  14 

36.0 

4/51 

4 

9.0 

1.  1 

.07 

35.6 

4/51 

5 

5.6 

1.  1 

.04 

34.5 

4/51 

5 

10.8 

1.2 

.06 

34.5 

4/51 

3 

19.6 

1.5 

.64 

32.5 

4/51 

3 

21.4 

1.5 

.43 

52.0 

5/51 

9 

21.7 

1.  1 

.  16 

41.5 

5/51 

4 

11.3 

1.2 

.47 

36.0 

5/51 

3 

8.7 

1.  1 

.06 

34.6 

5/51 

6 

9.8 

1  .0 

.04 

34.  1 

5/51 

3 

14.0 

1.4 

.48 
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Table  3.--  (continued) 


Sale  price 
per  MBF 
(dollars) 


Bids 
received 


Pine 
volume 


Pine  cut 
per  acre 


Number        100  MBF 


Hardwood 
volume 


Sale  price 
per  MBF 
(dollars) 


Bids 
received 


Pine 
volume 


Pine  cut 
per  acre 


Number      100  MBF 


MBF 


Hardwood 
volume 


44.5 
42.1 
39.8 
39.0 
34.5 
33.2 

48.5 
38.0 
38.0 
35.3 
35.0 
34.0 
32.5 
28.3 

53.3 
42.3 
40.0 
40.0 
34.6 
33.6 
32.0 
24.5 

53.0 
42.5 
40.0 
34.0 
27.0 

41.0 


6/51 
6/51 
6/51 
6/51 

6/51 
6/51 

7/51 
7/51 
7/51 
7/51 
7/51 
7/51 
7/51 
7/51 

9/51 
9/51 
9/51 
9/51 
9/51 
9/51 
9/51 
9/51 

10/51 
10/51 
10/51 
10/51 
10/51 

11/51 


14.3 

6.3 
11.0 

9.7 
10.  1 
33.6 

52.3 
24.0 

4.9 
12.  1 

8.8 

3.8 
28.0 

1.2 

38.7 
17.4 
13.3 

8.7 
13.9 

6.2 
10.  1 

5.2 

17.0 
14.5 
18.9 
6.2 
16.8 

9.7 


1.3 
.9 

1.3 
.8 

1. 1 

1.2 

1.6 
1.3 
1.0 


2.3 

1.9 
1.  1 
1.5 
1.  1 

.8 
1.2 

.7 

1.4 

1.3 

.7 

.5 

1.0 


.  10 
.32 
.34 

.b6 
.  1  1 
.38 

.  10 
.05 
.33 
.  17 
.  10 
.32 
.48 
1.  17 


.09 
.52 
.36 
.06 
.66 
.54 
1.79 

.  10 
.27 
.48 
.15 
.82 


48.6 

12/51 

7 

37.8 

1.6 

.  10 

38.5 

12/51 

5 

3.6 

.6 

.97 

36.6 

12/51 

4 

19.3 

1.4 

.  14 

32.8 

12/51 

1 

.2 

1.3 

.  10 

46.1 

1/52 

6 

22.9 

1.5 

.10 

45.  1 

1/52 

6 

37.8 

1.5 

.05 

31.5 

1/52 

3 

12.3 

1.  1 

.30 

40.6 

2/52 

3 

21.1 

1.2 

.07 

37.0 

2/52 

4 

10.8 

1.5 

.  22 

52.5 

3/52 

3 

30.7 

1.8 

45.0 

3/52 

4 

10.5 

.8 

.40 

44.4 

3/52 

5 

14.6 

1.  1 

.39 

39.2 

3/52 

6 

16.4 

1.3 

.44 

35.2 

3/52 

5 

6.1 

.7 

.72 

33.0 

3/52 

2 

10.3 

1.3 

.90 

33.0 

3/52 

2 

13.2 

1.7 

.60 

24.5 

3/52 

3 

12.6 

.9 

.39 

47.5 

4/52 

5 

15.8 

.8 

.  14 

47.0 

4/52 

6 

9.1 

.5 

.  03 

45.0 

4/52 

4 

10.7 

1.2 

.33 

41.0 

4/52 

5 

14.7 

1.5 

.33 

39.2 

4/52 

6 

9.3 

1.4 

.09 

38.5 

4/52 

4 

10.9 

.9 

.  15 

38.4 

4/52 

1 

3.3 

1.2 

.33 

36.0 

4/52 

3 

6.0 

.  6 

.58 

36.0 

5/52 

3 

18.8 

1.0 

.86 

35.0 

5/52 

6 

22.7 

1.0 

.19 

35.0 

5/52 

2 

20.0 

1.  1 

.  12 

33.0 

5/52 

5 

16.9 

1.  1 

.33 

30.5 

5/52 

2 

2.9 

.8 

.59 

43.0 
40.2 
39.8 
38.8 
38.3 
37.5 
37.  1 
33.5 
33.0 
32.2 
32.0 
29.  1 

37.5 


6/52 
6/52 
6/52 
6/52 
6/52 
6/52 
6/52 
6/52 
6/52 
6/52 
6/52 
6/52 

7/52 


40.4 

29.1 

17.4 

7.2 

5.3 

12.0 

15.7 

1.9 

4.8 

11.9 

12.5 

2.2 

17.7 


1.4 

1.  1 

1.3 

.4 

1.0 

.7 

.8 

.3 

.9 

.9 

.9 

.5 


.22 
.21 
.  16 
.40 
.21 
.67 

.58 

1.04 

.01 

.70 

1.59 

.  12 


43.0 

9/52 

5 

31.8 

1.2 

.21 

36.4 

9/52 

4 

34.4 

1.3 

.  10 

34.0 

9/52 

2 

7.  1 

.6 

.83 

41.4 

10/52 

6 

39.3 

1.6 

.08 

46.6 

11/52 

4 

18.2 

1.8 

.05 

44.5 

11/52 

3 

18.5 

.9 

.25 

27.2 

11/52 

4 

1.6 

.6 

43.0 

12/52 

7 

19.6 

1.7 

.04 

41.6 

12/52 

4 

20.0 

1.0 

.  11 

40.4 

12/52 

1 

13.2 

.9 

.  11 

36.1 

12/52 

4 

20.8 

1. 1 

.43 

39.1 

1/53 

4 

34.3 

1.2 

.30 

37.5 

1/53 

4 

14.9 

.8 

.07 

36.4 

1/53 

3 

13.4 

.9 

.07 

33.6 

1/53 

1 

2.9 

.8 

.28 

32.1 

1/53 

1 

4.  2 

.9 

.26 

27.0 

1/53 

4 

5.2 

.7 

45.  1 

2/53 

6 

6.2 

1.0 

.  18 

40.3 

2/53 

4 

11.4 

1.6 

.32 

31.0 

2/53 

1 

30.5 

1.5 

.30 

46.1 

3/53 

6 

30.3 

1.5 

.03 

45.9 

3/53 

8 

30.8 

1.9 

.  14 

43.0 

3/53 

6 

30.3 

1.2 

.08 

39.2 

3/53 

4 

12.5 

1.2 

39.  1 

3/53 

6 

11.2 

.9 

37.6 

3/53 

4 

9.1 

.9 

.  14 

37.0 

3/53 

1 

7.2 

1.6 

.  10 

32.8 

3/53 

4 

11.2 

.7 

.04 

48.0 

4/53 

9 

22.3 

1.2 

.22 

41.  1 

4/53 

5 

7.7 

.9 

.30 

40.4 

4/53 

3 

17.3 

1.3 

40.0 

4/53 

2 

9.5 

.6 

.07 

37.9 

4/53 

4 

15.5 

1.2 

34.0 

4/53 

7 

21.4 

1.2 

.29 

32.0 

4/53 

; 

7.2 

.6 

.33 

26.0 

4/53 

2 

22.0 

1.0 

.27 

26.0 

4/53 

3 

34.7 

1.3 

.21 

42.5 

5/53 

7 

10.  1 

1.0 

.34 

38.4 

5/53 

3 

20.0 

1.1 

31.6 

5/"53 

1 

13.2 

.8 

44.0 

6/53 

6 

13.8 

1.  1 

.21 

42.5 

6/53 

5 

13.9 

1.  1 

.32 

38.2 

6/53 

2 

11.7 

1.6 

.  12 

37.2 

6/53 

4 

18.4 

.9 

.49 

35.3 

6/53 

1 

21.0 

1.3 

.21 

35.3 

6/53 

2 

21.6 

1.  1 

.34 

34.0 

6/53 

4 

20.8 

1.3 

.39 

33.0 

6/53 

2 

10.0 

1.0 

.  16 

31.1 

6/53 

2 

12.4 

.9 

.52 

24.0 

6/53 

1 

5.3 

.6 

.  17 

-!3- 


Table  4. --Sales  data  for  July  1953  through  March  1955 


Sale  price 

Pine 

Pine 

per  MBF 

Dare 

Bide 

Pine 

cut  per 

Hardwood 

volume 
sum  D 

(dollars) 

received 

volume 

acre 

volume 

Number   100  MBF   MBF 


42.  1 

7/53 

4 

12.0 

1.6 

32.5 

7/53 

2 

30.1 

1  .3 

43.4 

8/53 

1 

32.6 

1  .5 

38.8 

8/53 

2 

43.4 

1  .  1 

38.5 

8/53 

4 

19.0 

1.7 

31.5 

8/53 

3 

13.6 

1.2 

27.2 

8/53 

1 

51.5 

1.6 

39.5 

9/53 

5 

36.6 

1.2 

36.0 

9/53 

3 

34.4 

1.6 

23.6 

9/53 

1 

16.8 

1.5 

31.7 

10/53 

1 

8.4 

.7 

29.5 

10/53 

1 

22.7 

i .: 

28.2 

10/53 

1 

15.  3 

1.3 

35.9 

11/53 

2 

19.4 

I  .6 

32.2 

11/53 

3 

21.8 

1.6 

23.  1 

11/53 

3 

12.4 

.5 

40.6 

12/53 

3 

29.8 

1.6 

26.4 

12/53 

3 

7.2 

.6 

24.  1 

12/53 

4 

20.7 

1  .  7 

31.3 

1/54 

1 

21.7 

.9 

28.5 

1/54 

1 

23.5 

1  .4 

25.6 

1/54 

1 

5.7 

.5 

21.5 

1/54 

1 

11.2 

.6 

20.  1 

1/54 

1 

1.3 

.5 

42.  1 

2/54 

5 

20.3 

1  .7 

39.1 

2/54 

4 

27.0 

1.7 

31.0 

2/54 

1 

14.8 

1.3 

30.0 

2/54 

4 

9.2 

1.  1 

28.6 

2/54 

2 

15.3 

1.3 

37.8 

3/54 

3 

31.6 

1.  1 

31.  1 

3/54 

1 

15.5 

1.4 

30.5 

3/54 

2 

26.4 

1.3 

29.0 

3/54 

3 

14.  1 

1.6 

28.0 

3/54 

4 

12.4 

1.6 

27.3 

3/54 

3 

5.3 

.7 

26.2 

3/54 

4 

17.2 

1.3 

23.0 

3/54 

1 

6.9 

.6 

35.6 

4/54 

3 

40.8 

1.4 

33.8 

4/54 

1 

32.5 

1  .4 

31.5 

4/54 

4 

15.9 

1.  1 

30.6 

4/54 

5 

14.4 

1.3 

26.  1 

4/54 

1 

14.7 

1.3 

56 
63 

57 

hO 
55 
60 
55 

69 
59 
53 

57 
57 

57 

59 
53 
73 

71 

44 
64 

49 
69 

56 

7: 

52 

67 
64 
60 
71 
69 

57 
63 
58 
69 
65 
51 
68 
45 

63 

55 
80 
58 


Sale  price 

Pine 

Pine 

per   MBF 

Date 

Bids 

Pine 

cut  per 

Hardwood 

volume 
sum  D 

(dollars) 

received 

volume 

acre 

volume 

Number 

100  MBF 

MBF 

Ratio 

Bd.ft. 

37.  1 

6/54 

4 

25.2 

1.5 

.03 

61 

32.8 

6/54 

3 

26.3 

1.7 

.  08 

61 

29.3 

6/54 

7 

28.3 

1.4 

.01 

62 

27.7 

6/54 

4 

10.6 

1.4 

.43 

67 

25.3 

6/54 

4 

18.2 

.7 

.67 

55 

24.5 

6/54 

4 

12.2 

.8 

.40 

63 

23.0 

6/54 

1 

6.4 

.7 

.  35 

52 

22.0 

6/54 

2 

1.5 

.3 

1.09 

55 

7/54 


31.9 


5/54 


20.5 


40.0 

8/54 

6 

27.0 

8/54 

2 

45.  1 

9/54 

1  1 

39.0 

9/54 

7 

31.0 

9/54 

2 

27.5 

9/54 

5 

27.5 

9/54 

3 

26.6 

9/54 

3 

30.2 

10/54 

3 

29.6 

10/54 

5 

21.0 

10/54 

4 

18.5 

10/54 

1 

37.8 

11/54 

R 

34.1 

11/54 

8 

33.0 

11/54 

4 

30.2 

1  1/54 

5 

26.4 

11/54 

4 

25.8 

1  1/54 

3 

45.3 

12/54 

9 

27.8 

12/54 

4 

23.0 

12/54 

3 

34.5 

1/55 

6 

33.9 

1/55 

5 

30.8 

1/55 

4 

48.0 

2/55 

5 

40.0 

2/55 

8 

31.6 

2/55 

11 

25.3 

2/55 

3 

20.0 

2/55 

3 

48.6 

3/55 

9 

40.4 

3/55 

7 

40.0 

3/55 

5 

36.0 

3/55 

7 

32.6 

3/55 

4 

30.5 

3/55 

8 

28.5 

3/55 

4 

27.2 

3/55 

5 

22.5 

3/55 

2 

15.3 

3/55 

1 

33.3 

1.5 

.  10 

10.4 

.6 

.  75 

12.  3 

5.  1 

.06 

30.7 

1.2 

.27 

4.4 

.5 

.08 

19.  1 

1.0 

.30 

11.1 

.8 

.26 

14.9 

1.  1 

.28 

15.9 

.8 

.  18 

20.3 

2.3 

.06 

4.7 

.7 

.61 

1  .7 

.5 

2.86 

8.2 

.8 

.23 

5.  1 

.7 

.08 

10.  5 

1.3 

.21 

21.0 

1.9 

.05 

17.3 

.7 

.22 

28.4 

1.5 

.32 

54.6 

1.5 

.  10 

7.4 

.9 

.  01 

9.4 

.5 

.  78 

18.4 

1  .3 

.  14 

19.8 

1.2 

.06 

16.5 

.8 

.46 

22.6 

1.  1 

.  13 

13.6 

2.4 

.  07 

24.6 

1.3 

.  12 

17.5 

1.3 

.  03 

2.9 

.8 

1.  12 

23.0 

1.2 

.32 

14.2 

.7 

.06 

24.4 

1.4 

.  24 

12.7 

1.0 

.31 

15.6 

.9 

.  13 

20.  1 

.7 

.  18 

12.8 

.7 

.  16 

13.6 

1.  1 

.  16 

2.4 

.7 

.82 

4.7 

.7 

.  13 

66 
56 

75 
63 
42 

65 
59 
56 

45 
55 
58 
62 

61 

43 
63 
53 
49 
55 

72 
42 
59 

62 
54 
66 

68 
68 
51 
56 
57 

66 
50 
62 
65 
58 
52 
52 
55 
59 
39 
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PROPERTIES  OF 
91  SOUTHERN   SOIL  SERIES 

Basil   D.   Doss  and    W.  M.  Broadfoot 


Southern    Forest  Experiment   Station 

Philip  A.  Briegleb,    Director 

FOREST    SERVICE,    U.  S.   DEPT.   OF  AGRICULTURE 


PROPERTIES  OF  91  SOUTHERN  SOIL  SERIES 

Basil  D.  Doss  and  W.  M.  Broadfoot 
Southern  Forest  Experiment  Station 

From  June  1954  to  July  1955  the  Vicksburg  Infiltration  Project- 
collected  and  analyzed  samples  of  91  soil  series  in  7  southern  states. 
The  purpose  was  to  supply  the  U.  S.  Army  with  information  needed  for 
specialized  research  on  military  traffic  ability,  but  the  basic  data  on  soil 
properties  should  be  of  interest  to  soil  scientists  generally.  The  91 
series  may  be  considered  typical  of  the  soils  in  the  Gulf  Coastal  Plain 
and  the  Lower  Mississippi  Valley.  Samples  were  taken  at  176  sites,  and 
standard  methods  were  used  throughout  the  study  for  both  field  and  labo- 
ratory procedures. 

The  soil  series  are  listed  alphabetically  in  Table  1.  They  were 
identified  in  all  cases  by  regional  soil  correlators  of  the  Soil  Conserva- 
tion Service.  The  general  locations  of  the  sites  are  shown  in  figure  1, 
in  which  each  dot  represents  a  weather  station.  One  to  five  sites  were 
located  within  5  miles  of  each  of  these  stations.—' 

Tables  2  to  8  (one  table  for  each  State)  characterize  the  individ- 
ual sample  sites  and  summarize  the  information  on  soil  properties. 

In  these  tables,  "vegetation  and  land  use"  refers  to  the  cover 
type  on  the  site  and  to  any  disturbance  caused  by  man  — cultivation, 
grazing,  or  the  cutting  of  hay.  Where  none  of  these  disturbances  had 
occurred  within  5  years,  the  site  was  classed  as  undisturbed. 

No  sites  were  established  on  recently  logged  areas  or  on  land 
in  cultivation  in  1953-54.  Areas  that  had  been  cultivated  sometime 
within  the  five  years  preceding  the  survey  were  classed  as  cultivated 
previously — now  grazed  if  they  were  being  currently  grazed  by  live- 
stock; and  as  cultivated  previously— now  in  hay  if  the  cover  was  being 
cut  for  hay. 


iy  Maintained  at  Vicksburg,  Mississippi,  cooperatively  by  the  Southern 
Forest  Experiment  Station,  Forest  Service,  U.  S.  Department  of  Agri- 
culture, and  the  Waterways  Experiment  Station,  Corps  of  Engineers, 
U.S.  Army.  Special  acknowledgment  is  due  Messrs. Irving  Martin,  Allen 
Hasty,  and  Marvin  Lawson  of  the  Soil  Survey  Office,  Soil  Conservation 
Service,  Knoxville,  Tennessee,  for  identifying  the  soils  of  this  region. 

2/  As  will  be  apparent  from  the  information  under  "Weather  station 
and  county,"  in  tables  2  to  8,  the  station  and  the  sampling  site  were  not 
always  in  the  same  county. 
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Table  1.  — Soil  series  studied 


Series 

State 

Series 

State 

Alligator 

Mississippi 

Lakeland 

Florida 

Barth 

Florida 

Leeper 

Mississippi 

Bibb 

Alabama 

Leon 

Florida 

Boswell 

Alabama 

Lexington 

Arkansas 

Arkansas 

Mississippi 

Bowie 

Louisiana 

Tennessee 

Brooksville 

Mississippi 

Lintonia 

Arkansas 

Byar  s 

Alabama 

Tennessee 

Georgia 

Loring 

Arkansas 

Caddo 

Louisiana 

Mississippi 

Cahaba 

Alabama 

Lynchburg 

Alabama 

Calhoun 

Arkansas 

Georgia 

Louisiana 

Magnolia 

Alabama 

Mississippi 

Georgia 

Calloway- 

Mississippi 

Mantachie 

Alabama 

Carroll 

Mississippi 

Mississippi 

Tennessee 

Memphis 

Mississippi 

Catalpa 

Alabama 

Tennessee 

Clack 

Arkansas 

Norfolk 

Alabama 

Collins  (See  Falaya-Collins) 

Mississippi 

Ochlockonee 

Florida 

Commerce 

Mississippi 

Louisiana 

Congaree 

Florida 

Oktibbeha 

Mississippi 

Cuthbert 

Alabama 

Olivier 

Louisiana 

Dowling 

Mississippi 

Mississippi 

Dubbs 

Mississippi 

Tennessee 

Dulac 

Arkansas 

Or  a 

Alabama 

Dundee 

Mississippi 

Orangeburg 

Alabama 

Ecru 

Mississippi 

Louisiana 

Eustis  (See  Orangeburg-Eustis) 

Alabama 

Orangeburg-Eustis 

Alabama 

Eutaw 

Alabama 

Pheba 

Alabama 

Mississippi 

Plummer 

Florida 

Faceville 

Florida 

Prentiss 

Mississippi 

Falaya 

Mississippi 

Rains 

Alabama 

Falaya-Collins 

Mississippi 

Georgia 

Falkner 

Mississippi 

Red  Bay 

Alabama 

Flint 

Alabama 

Florida 

Forestdale 

Arkansas 

Richland 

Louisiana 

Mississippi 

Ruston 

Alabama 

Franklinton 

Mississippi 

Louisiana 

Geiger 

Alabama 

Sawyer 

Alabama 

Mississippi 

Mississippi 

Goldsboro 

Georgia 

Savannah 

Louisiana 

Grady 

Florida 

Mississippi 

Georgia 

Sharkey 

Mississippi 

Greenville 

Alabama 

Shubuta 

Mississippi 

Georgia 

Stough 

Alabama 

Grenada 

Arkansas 

Sumter 

Alabama 

Mississippi 

Susquehanna 

Alabama 

Tennessee 

Mississippi 

Henderson 

Georgia 

Thompson 

Louisiana 

Henry 

Mississippi 

T  if  ton 

Georgia 

Huckabee 

Alabama 

Tilden 

Mississippi 

Hunt 

Mississippi 

Tunica 

Mississippi 

Hymon 

Mississippi 

Vaiden 

Mississippi 

Independence 

Tennessee 

Vian 

Louisiana 

Irvington 

Georgia 

Vaucluse 

Florida 

Iuka 

Alabama 

Waverly 

Arkansas 

Jonesville 

Georgia 

Mississippi 

Kaufman 

Mississippi 

Tennessee 

Kershaw 

Alabama 

Wrightsville 

Louisiana 

Klej 

Florida 

Yahola 

Louisiana 

Lafe 

Arkansas 

Stratified 

Lakeland 

Alabama 

Clays  &  Muck 

Alabama 

Areas  that  had  not  been  cultivated  for  5  years  were  classed  as 
lightly  grazed  if  they  showed  some  animal  use;  as  moderately  grazed  if 
they  were  being  intensively  managed  for  concentrated  grazing;  as  hay 
if  they  revealed  no  grazing  but  the  cover  was  cut  for  hay;  and  as  lawn 
if  they  were  mowed  frequently. 

The  soil  properties  were  determined  from  bulk  samples  and  2- 
inch  cores  taken  randomly  from  a  12  by  18-foot  plot  at  each  site.  Bulk 
samples,  composited  from  six  locations,  were  taken  from  the  0  to  6-,  6 
to  12-,  and  the  12  to  18-inch  layers  for  determination  of  mechanical 
analysis,  plasticity  constants,  and  organic -matter  content.  No  samples 
were  taken  below  18  inches. 

Texture  class  follows  the  terminology  given  in  theU.  S.  Depart- 
ment of  Agriculture  Soil  Survey  Manual,  p.  210._'  The  following  sym- 
bols are  used,  alone  or  in  combination: 

S  =  sand 

Si  =  silt 

C  =  clay 

L  =  loam 

The  mechanical  composition  was  determined  at  the  Mississippi  Agri- 
cultural Experiment  Station  by  a  combination  sieve  and  hydrometer 
method.  The  separation  of  medium  from  fine- sized  particles  was  based 
onBouyoucos  hydrometer  readings  taken  only  one  hour  after  the  suspen- 
sion was  mixed  and  adjustedto  a  pH  of  9.5  with  0.01N  sodium  hydroxide. 
The  figures  for  fine-particle  content  may  thus  include  a  portion  of  the 
particles  usually  classified  as  fine  silt.  However,  in  the  tables  the  me- 
dium and  fine -sized  particles  are  reported  as  silt  and  clay,  respectively. 
The  figures  are  expressed  in  the  table  as  percent  of  dry  weight. 

Organic -matter  determinations  were  made  by  a  modified  Walkley 
rapid-dichromate    oxidation    method^./  at  the   Mississippi   Agricultural 


3/    Soil  Survey  Staff,    U.  S.   Bureau  of   Plant  Industry,   Soils,    and  Agri- 
cultural Engineering. 

Soil    survey   manual.      U.   S.   Dept.   Agr.   Handbook    18,    503   pp., 

illus.    1951. 

4/    Peech,  M.,  Alexander,  L.  T.,  Dean,  L.  A.,  and  Reed,  J.  F. 

Methods  of  soil  analysis  for  soil-fertility  investigations. 
U.  S.  Dept.  Agr.  Cir.  757,  25  pp.    1947. 
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Experiment  Station  and  are  expressed  as  percent  of  dry  weight.  The 
loss-on-ignition  method,  following  modified  procedures  of  the  Associa- 
tion of  Official  Agricultural  Chemists,  2J  was  used  for  samples  when  the 
organic-matter  content  was  determined  as  over  5  percent  by  the  Walkley 
method. 

The  plasticity  constants  of  the  6  to  12-inch  layer  were  deter- 
mined by  the  Soils  Laboratory  of  the  Waterways  Experiment  Station. J2/ 
The  figures  are  expressed  as  moisture  content  in  percent  of  dry  weight. 

Bulk  density  and  tension  analysis  were  determined  from  2-inch 
cores  obtained  with  the  modified  San  Dimas  or  drive-type  sampler.?' 
when  the  soil  was  moist.  Cores  were  taken  in  duplicate  at  the  0  to  3- 
inch,  3  to  6-inch,  6  to  9-inch  and  9  to  12-inch  depths  and  averaged  in  the 
table  by  6-inch  layers.  The  moisture  held  by  the  soil  at  zero  tension 
(saturation)  was  determined  by  weighing  the  2-inch  cores  after  they  had 
been  soaked  in  a  pan  of  water.  As  some  water  was  lost  during  transfer, 
and  as  all  pores  are  usually  not  filled  by  this  method,  these  values  are 
frequently  less  than  the  theoretical  maximum.  The  60-cm.  values  were 
determined  by  use  of  a  tension  table.—'  The  tension  values  are  ex- 
pressed in  percent  of  dry  weight. 


5/    Association  of  Official  Agricultural  Chemists. 

Methods  of  analysis.     Ed.  6,    932  pp.,   illus.     Washington,   D.  C. 
1945. 

6/    Waterways  Experiment  Station. 

Soils  Laboratory  manual — Lower  Mississippi  Valley  Division. 
Section    111,   mechanical   analysis.     U.   S.  Army,   Waterways 
Experiment  Station,   16  pp.,  illus.     1951. 

V    Broadfoot,  W.  M. 

Procedures  and  equipment  for  determining  soil  bulk  density. 
U.  S.  Forest  Service,  Southern  Forest  Expt.  Sta.  Occas.  Paper 
135,  pp.  2-11,  illus.     1954. 

8/    Learner,  R.  W.,  and  Shaw,  B. 

A  simple  apparatus  for  measuring  non-capillary  porosity   on  an 
extensive  scale.     Jour .  Amer .  Soc  .  Agron.  33:1003.      1941. 
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Table  2.    Alabama  soil  series:     site  descriptions  and  soil  properties 


Plasticity  con- 


Soil 
series 


Byars 


Byars 


Catalpa 


Geiger 


Greenville 


Site 
num- 
ber 

314 


Weather  Vegetation 

station  and  land 

and  county  use 


369 


Lynchburg 


Evergreen,  Grasses, 

Conecuh  moderately 
grazed 

Union  Grasses, 

Springs ,  moderately 

Bullock  grazed 

Cuba,  Hardwood, 

Sumter  undisturbed 


Union  Pine, 

Springs,  undisturbed 
Bullock 

Selma,  Pine , 

Dallas  undisturbed 


Livingston,    Pine- 
Sumter  sweet  gum, 
undisturbed 

Claiborne,      Grasses, 

Monroe  moderately 

grazed 

Marion  Grasses, 

Junction,  moderately 

Dallas  grazed 

Chatom,  Pine -oak, 

Washington    undisturbed 


Midway,  Pine, 

Bullock  undisturbed 


Cuba,  Pine, 

Sumter  undisturbed 


Demopolis,    Hardwood, 
Marengo  undisturbed 


Selma,  Grasses- 

Dallas  weeds, 

lightly 
grazed 

Selma,  Grasses, 

Dallas  moderately 

grazed 

Jackson,  Grasses, 

Clarke  moderately 

grazed 

Livingston,    Grasses, 

Sumter  moderately 

grazed 

Jackson,  Grasses, 

Washington    moderately 
grazed 

Jackson,  Hardwood, 

Clarke  undisturbed 


Eufaula,  Grasses- 

Barbour  weeds, 

undisturbed 

Chatom,  Pine, 

Washington    undisturbed 


stants  by  weight 

Soil  mo 

isture  by 

Topo- 

Depths 
sam- 

Tex- 

Mechani 
analysis 

cal 
by 

Organic 
matter 

percent 

Bulk 
density 

weight, 

percent 

graphic 

Liq-     Plas-    Plas- 

.06  At- 

position 

pled 

ture 

weight ,  pe 

rcent 

by  weight 

uid        tic       ticity 

grams 

Satu-      mosphere 

and  slope 

inches 

class 

SL 

Sand 
54 

Silt 
32 

Clay 
14 

percent 
4.57 

limit    limit    index 

per  cc. 

1.26 

ration 

tension 

Bottom 

0-6 

37.9 

30.7 

level 

6-12 

SL 

70 

20 

10 

1.35 

Non-plastic 

1.53 

23.1 

18.1 

12-18 

LS 

80 

13 

7 

.46 

Bottom 

0-6 

LS 

84 

14 

2 

1.05 

1.49 

26.0 

23.2 

3  per- 

6-12 

LS 

85 

13 

2 

.55 

Non-plastic 

1.47 

26.3 

23.0 

cent 

12-18 

LS 

76 

20 

4 

.55 

Bottom 

0-6 

L 

27 

47 

26 

3.77 

1.34 

34.3 

31.4 

level 

6-12 

L 

42 

33 

25 

.86 

26           16           10 

1.50 

25.6 

24.3 

12-18 

CL 

38 

32 

30 

.55 

Upland 

0-6 

LS 

79 

14 

7 

1.15 

1.23 

42.4 

32.7 

15  pe  r - 

6-12 

SC 

52 

10 

38 

.86 

39           18          21 

1.36 

36.5 

35.2 

cent 

12-18 

C 

42 

11 

47 

.55 

Terrace 

0-6 

L 

52 

34 

14 

3.27 

1.50 

26.6 

19.2 

level 

6-12 

SL 

58 

32 

10 

1.25 

Non-plastic 

1.52 

24.4 

16.6 

12-18 

SL 

60 

31 

9 

.70 

Terrace 

0-6 

SCL 

47 

23 

30 

1.45 

1.46 

27.5 

24.9 

3  per- 

6-12 

CL 

38 

23 

39 

.78 

40           19          21 

1.49 

28.5 

27.6 

cent 

12-18 

CL 

38 

24 

38 

.55 

Terrace 

0-6 

LS 

79 

17 

4 

.95 

1.41 

30.9 

18.4 

4  per- 

6-12 

SL 

70 

20 

10 

.55 

Non-plastic 

1.53 

23.2 

16.0 

cent 

12-18 

SL 

68 

16 

16 

.38 

Bottom 

0-6 

SiC 

2 

48 

50 

3.13 

1.37 

34.0 

32.3 

level 

6-12 

SiC 

1 

44 

55 

2.35 

63           27           36 

1.28 

40.7 

40.2 

12-18 

C 

7 

33 

60 

1.25 

Upland 

0-6 

SL 

61 

29 

10 

1.05 

1.55 

26.0 

16.2 

15  pe  r - 

6-12 

L 

43 

31 

26 

.62 

26           15           11 

1.61 

20.9 

16.5 

cent 

12-18 

CL 

43 

23 

34 

.46 

Upland 

0-6 

si 

72 

13 

15 

1.33 

1.45 

29.4 

18.7 

8  per- 

6-12 

C 

40 

13 

47 

.86 

49          23           26 

1.27 

41.7 

39.8 

cent 

12-18 

SC 

49 

13 

38 

.4  6 

Upland 

0-6 

SL 

71 

21 

8 

.95 

1.51 

24.3 

18.0 

10  per- 

6-12 

SCL 

53 

24 

.62 

31           15           16 

1.64 

21.2 

20.0 

cent 

12-18 

SCL 

46 

22 

32 

.38 

Upland 

0-6 

SiCL 

17 

49 

34 

2.23 

1.40 

31.6 

29.8 

level 

6-12 

SiC 

15 

45 

40 

.55 

49          20          29 

1.48 

29.5 

29.0 

12-18 

SiC 

15 

43 

42 

.32 

Terrace 

0-6 

SL 

68 

25 

7 

.62 

1.42 

29.6 

23.4 

level 

6-12 

SL 

65 

25 

10 

.32 

Non-plastic 

1.43 

29.4 

22.8 

12-18 

SL 

59 

25 

16 

.32 

Terrace 

0-6 

SC 

47 

13 

40 

3.13 

1.46 

30.7 

24.2 

level 

6-12 

L 

43 

34 

23 

1.25 

45          20          25 

1.43 

30.0 

22.4 

12-18 

CL 

35 

29 

36 

.70 

Upland 

0-6 

SL 

55 

29 

16 

1.0  5 

1.57 

24.2 

17.4 

5  per- 

6-12 

(    I 

35 

29 

36 

.70 

33           13          20 

1.56 

23.4 

20.1 

cent 

12-18 

CL 

35 

31 

34 

.46 

Terrace 

0-6 

SI 

80 

10 

10 

1.15 

1.48 

26.6 

16.4 

level 

6-12 

SL 

75 

10 

15 

.95 

Non-plastic 

1.56 

23.4 

15.4 

12-18 

l.s 

78 

17 

5 

.38 

Bottom 

0-6 

SiCL 

9 

57 

34 

2.75 

1.40 

30.5 

26.9 

level 

6-12 

SiCL 

10 

56 

34 

1.25 

44          23          21 

1.48 

29.5 

27.7 

12-18 

SiC 

3 

52 

45 

1.25 

Upland 

0-6 

LS 

79 

17 

4 

1.05 

1.36 

32.1 

11.6 

6  per- 

6-12 

S 

92 

6 

2 

.78 

Non-plastic 

1.53 

24.1 

8.2 

cent 

12-18 

S 

87 

9 

4 

.55 

Upland 

0-6 

LS 

83 

14 

3 

.78 

1.41 

31.0 

25.1 

level 

6-12 

LS 

81 

14 

5 

.70 

Non-plastic 

1.44 

29.3 

22.9 

12-18 

LS 

83 

13 

4 

.25 

Upland 

0-6 

SL 

62 

30 

8 

4.52 

1.34 

31.1 

26.7 

5  per- 

6-12 

SL 

62 

28 

10 

1.05 

Non-plastic 

1.71 

19.9 

16.7 

cent 

12-18 

SL 

53 

27 

20 

.55 

(Continued) 


Table  2.    Alabama  soil  series:     site  descriptions  and  soil  properties  (continued) 


Plasticity  con- 

stants by  weight 

Soil  moisture  by 

Site 

Weather 

Vegetation 

Topo- 
graphic 

Depths 
sam- 

Tex- 

Mechanical 
analysis  by 

Organic 
matter 

percent 

Bulk 
density 

weight, 

percent 

Liq-     Plas-    Plas- 

.06  At- 

Soil 

num- 

station 

and  land 

position 

pled 

ture 

weight,  pe 

rcent 

by  weight 

uid        tic       ticity 

grams 

Satu- 

mosphere 

series 

be  r 

and  county 
Thomasville 

use 

and  slope 
Upland 

inches 

0-6 

class 
SL 

Sand 
75 

Silt 
19 

Clay 
6 

percent 
1.25 

limit    limit    index 

per  cc. 

1.39 

ration 
25.4 

tension 

Magnolia 

307 

,    Pine, 

15.8 

Clarke 

undisturbed 

12  pe  r  - 
cent 

6-12 
12-18 

SCL 
SC 

51 
46 

19 

14 

30 
40 

.95 
.62 

Non-plastic 

1.52 

24.4 

16.9 

Mantachie 

351 

Midway, 

Grasses- 

Bottom 

0-6 

SL 

74 

18 

8 

1.25 

1.47 

26.8 

21.6 

Bullock 

weeds  , 
undisturbed 

level 

6-12 
12-18 

SL 
SL 

54 
57 

27 

25 

19 
18 

.86 
.62 

Non-plastic 

1.45 

28.6 

23.1 

Norfolk 

313 

Evergreen, 

Pine-oak, 

Upland 

0-6 

LS 

79 

15 

6 

1.45 

1.49 

28.5 

18.6 

Conecuh 

undisturbed 

15  pe  r - 
cent 

6-12 
12-18 

LS 
SL 

77 
72 

19 

20 

4 
8 

.46 
.25 

Non-plastic 

1.71 

19.7 

12.9 

Norfolk 

316 

Headland, 

Grasses, 

Upland 

0-6 

SL 

74 

16 

Hi 

2.08 

1.68 

20.5 

15.6 

Henry 

lawn 

level 

6-12 
12-18 

SL 

S  1 , 

70 
62 

14 
18 

16 

2d 

.70 
.38 

Non-plastic 

1.84 

15.6 

13.8 

Norfolk 

317 

Headland, 

Grasses, 

Upland 

0-6 

LS 

H2 

12 

6 

1.15 

1.60 

20.3 

12.0 

Henry 

moderately 
grazed 

level 

6-12 
12-18 

SL 
SL 

76 

77 

14 

14 

10 

9 

.46 
.38 

Non-plastic 

1.70 

17.6 

10.9 

Norfolk 

320 

Dothan, 

Pine, 

Upland 

0-6 

SL 

66 

20 

14 

2.08 

1.58 

22.8 

14.6 

Houston 

grasses 
and  weeds, 
undisturbed 

level 

6-12 
12-18 

SL 
SCL 

67 
64 

14 
10 

19 
26 

.78 
.32 

Non-plastic 

1.74 

18.4 

14.5 

Ora 

311 

Claiborne, 

Grasses 

Upland 

0-6 

SL 

66 

28 

6 

1.25 

1.65 

20.6 

13.1 

Monroe 

and  weeds, 
undisturbed 

level 

6-12 
12-18 

SL 
SCL 

56 
54 

24 

24 

20 
22 

.70 
.46 

24           12           12 

1.57 

22.5 

15.8 

Orangeburg 

309 

Whatley, 

Pine, 

Upland 

0-6 

LS 

80 

16 

1 

2.35 

1.57 

24.6 

11.9 

Clarke 

undisturbed 

20  per- 
cent 

6-12 
12-18 

SL 
SCL 

63 

65 

29 

is 

8 
20 

.95 

7s 

Non-plastic 

1.73 

20.7 

12.2 

Orange burg- 

115 

Elba, 

Grasses- 

Upland 

0-6 

LS 

85 

11 

4 

.86 

1.48 

28.5 

11.6 

and  Eustis 

Coffee 

weeds  , 

20  per- 

6-12 

LS 

H2 

13 

s 

.46 

Non-plastic 

1.62 

21.1 

9.3 

undisturbed 

cent 

12-18 

LS 

80 

12 

H 

.32 

Pheba 

367 

Livingston, 

Pine, 

Upland 

0-6 

SL 

64 

30 

6 

1.65 

1.56 

22.0 

17.7 

Sumter 

undisturbed 

4  per- 
cent 

6-12 
12-18 

SL 
SL 

57 
54 

33 
35 

10 
11 

.38 
.32 

12           14           -2 

1.62 

21.1 

17.4 

Rains 

302 

Chatom, 

Pine -oak. 

Upland 

0-6 

SL 

SK 

>4 

8 

2.60 

1.43 

25.9 

20.1 

Washington 

undisturbed 

level 

6-12 
12-18 

SL 

SL 

5S 
55 

35 
33 

10 

12 

.78 
.70 

Non-plastic 

1.58 

22.2 

19.6 

Red  Bay 

312 

Evergreen, 

Grasses, 

Upland 

0-6 

SCL 

65 

7 

28 

.78 

1.50 

26.4 

17.2 

Conecuh 

moderately 

5  per- 

6-12 

SCL 

63 

1  7 

211 

.46 

21           11           10 

1.36 

31.6 

19.1 

grazed 

cent 

12-18 

SCL 

59 

19 

22 

.32 

Ruston 

318 

Headland, 

Grasses- 

Upland 

0-6 

SL 

71 

18 

11 

2.08 

1.46 

25.5 

15.0 

Henry 

weeds, 

8  per- 

6-12 

SL 

74 

12 

14 

.70 

Non-plastic 

1.71 

17.5 

12.4 

undisturbed 

cent 

12-18 

SL 

72 

14 

14 

.38 

Ruston 

349 

Eufaula, 

Pine, 

Upland 

0-6 

SL 

78 

15 

7 

1.98 

1.42 

30.6 

20.3 

Barbour 

undisturbed 

8  per- 
cent 

6-12 
12-18 

SL 
SCL 

73 
64 

1  1 
12 

16 
24 

.86 
.70 

Non-plastic 

1.56 

23.6 

18.0 

Sawyer 

308 

Thomasville , 

Pine, 

Upland 

0-6 

LS 

80 

16 

4 

1.88 

1.36 

31.5 

17.8 

Clarke 

undisturbed 

5  per- 
cent 

6-12 
12-18 

LS 
LS 

80 
76 

16 
20 

4 
4 

.70 
.46 

Non-plastic 

1.51 

27.1 

15.6 

Stough 

358 

Marion 

Pine, 

Terrace 

0-6 

SL 

52 

39 

9 

3.13 

1.57 

20.6 

16.8 

Junction, 

undisturbed 

level 

6-12 

SL 

69 

17 

14 

.38 

Non-plastic 

1.68 

17.7 

12.8 

Dallas 

12-18 

SL 

64 

22 

11 

.SK 

Sumter 

359 

Marion 

Grasses, 

Upland 

0-6 

C 

13 

31 

56 

3.62 

1.36 

34.9 

32.6 

Junction, 

moderately 

6  per- 

6-12 

C 

8 

25 

67 

1.32 

51           24          27 

1.50 

29.6 

28.8 

Dallas 

grazed 

cent 

12-18 

C 

9 

29 

62 

.86 

Sumter 

361 

Uniontown, 

Grasses, 

Upland 

0-6 

c 

12 

34 

54 

1.25 

1.42 

31.6 

30.4 

Marengo 

moderately 

8  per- 

6-12 

C 

13 

si 

56 

.70 

60          22           38 

1.46 

31.2 

30.7 

grazed 

cent 

12-18 

C 

10 

34 

56 

.70 

Sumter 

362 

Demopolis, 

Grasses, 

Upland 

0-6 

SiC 

1  i 

47 

40 

2.35 

1.40 

30.6 

28.3 

Marengo 

moderately 

3  per- 

6-12 

SiC 

14 

46 

40 

1.45 

58          26          32 

1.38 

34.8 

34.3 

grazed 

cent 

12-18 

C 

13 

37 

50 

.95 

Susquehanna 

352 

Union 

Pine, 

Upland 

0-6 

SCL 

72 

7 

21 

1.88 

1.37 

33.6 

30.4 

Springs, 

undisturbed 

6  per- 

6-12 

C 

4  1 

11 

45 

.55 

57          28          29 

1.34 

38.0 

36.7 

Bullock 

cent 

12-18 

c 

43 

17 

41) 

.38 

Stratified 

319 

Dothan, 

Cypress, 

Bottom 

0-6 

SiC 

3 

43 

54 

7.45 

1.00 

58.3 

48.2 

Clays  and 

Houston 

undisturbed 

level 

6-12 

C 

3 

34 

63 

11.33 

61           38          23 

1.00 

56.6 

52.8 

Muck 

12-18 

C 

24 

35 

41 

5.80 

Table  3.    Arkansas  soil  series:     site  descriptions  and  soil  properties 


Site 
num- 
ber 

125 

Weather 

station 

and  county 

Monticello, 
Drew 

Vegetation 

and  land 

use 

Topo- 
graphic 
position 
and  slope 

Upland 
8  per- 
cent 

Depths 
sam- 
pled 
inches 

0-6 
6-12 
12-18 

Tex- 
ture 
class 

L 
C 
C 

Mechanical 

analysis  by 

weight,  percent 

Sand   Silt    Clay 

42        35         23 
15        35         50 
11        37         52 

Organic 

matter 

by  weight 

percent 

2.35 
.70 
.55 

Plasticity  con- 
stants by  weight 
percent 

Bulk 
density 
grams 
per  cc. 

1.19 
1.21 

Soil  mc 
weight, 

Satu- 
ration 

42.3 
47.8 

listure  by 
,  percent 

Soil 
series 

Liq-     Plas-    Plas- 
uid        tic       ticity 
limit    limit    index 

61           30           31 

.06  At- 

moBphere 

tension 

Boswell 

Pine-oak, 
undisturbed 

37.3 
46.8 

Calhoun 

121 

Marvell, 
Phillips 

Grasses, 

moderately 
grazed 

Terrace 
level 

0-6 
6-12 
12-18 

Si 

SiL 

SiL 

2 
2 

2 

86 
82 

76 

12 

16 
22 

.78 

.46 
.46 

Non-plastic 

1.45 

1.49 

29.6 
26.7 

26.9 
24.0 

Clack 

119 

Marianna, 

Grasses, 
lawn 

Terrace 
level 

0-6 

6-12 

12-18 

L 

SL 

SL 

47 
70 
71 

40 
20 
19 

13 
10 
10 

1.05 
.55 
.38 

Non-plastic 

1.51 
1.56 

25.3 
22.3 

19.1 
14.2 

Dulac 

124 

Monticello, 
Drew 

Grasses- 
weeds, 
undisturbed 

Upland 
4  per- 
cent 

0-6 

6-12 

12-18 

SiL 
SiL 
SiL 

26 
25 
22 

61 
55 
53 

13 
20 
25 

1.65 
.70 
.46 

26           18              8 

1.45 
1.49 

27.3 
26.3 

24.4 
24.4 

Forestdale 

120 

Manama, 
Lee 

Grasses, 

moderately 

grazed 

1  i  - 1  i  .  1 1  i  ■ 
level 

0-6 
6-12 
12-18 

SiCL 

L 

SL 

18 
46 
64 

52 
38 
29 

30 
16 

7 

2.23 

1.65 

.46 

27           18              9 

1.39 
1.59 

31.9 
22.7 

28.8 
18.8 

Grenada 

116 

Forrest 

City, 

St.  Francis 

Hardwood, 
undisturbed 

Upland 
3  per  - 
cent 

0-6 
6-12 
12-18 

SiCL 
SiCL 
SiCL 

2 
1 
1 

70 

67 

28 
32 
30 

.38 
.2  5 

.25 

37          22            15 

1.56 
1.54 

26.8 
28.1 

25.5 
26.8 

Lafe 

127 

Crossett, 
Ashley 

Grasses- 
weeds  , 
lightly 
grazed 

Terrace 

level 

0-6 

6-12 

12-18 

SiL 

SiL 
SiL 

28 
30 
26 

67 
60 
62 

5 
10 
12 

.70 
.38 
.32 

Non-plastic 

1.57 
1.56 

21.6 
22.2 

19.9 
19.0 

Lexington 

126 

Crossett, 
Ashley 

Pine, 
undisturbed 

Upland 
level 

0-6 
6-12 
12-18 

SiL 
SiL 

SiL 

31 
22 
19 

58 
60 
56 

11 
18 
25 

1.33 
.38 
.32 

24           17              7 

1.51 
1.60 

24.8 
22.3 

22.5 
20.8 

Lexington 

129 

Crossett, 
Ashley 

Pine, 

undisturbed 

Upland 
3  per- 
cent 

0-6 
6-12 
12-18 

SiL 
SiL 
SiL 

32 
17 
16 

57 
62 
59 

11 

21 
25 

.62 
.32 
.32 

28           18            10 

1.52 
1.58 

25.4 
24.6 

21.7 
21.7 

Lexington 

130 

Crossett, 

A  s  hi  e  y 

Grasses- 
weeds  , 
lightly 
grazed 

Upland 
4  per- 
cent 

0-6 
6-12 
12-18 

SiL 
SiL 
SiL 

18 
17 
18 

66 
60 
57 

1' 
23 
25 

1.2  5 
.55 

.4  6 

27           18              9 

1.54 
1.52 

24.2 
24.6 

22.7 
23.3 

Lintonia 

118 

Marianna, 
Lee 

Grasses, 

moderately 

grazed 

Terrace 
8  per- 
cent 

0-6 

6-12 
12-18 

SiL 
SiL 
SiCL 

3 
2 
1 

79 
74 
71 

18 
24 
28 

2.87 

1.45 

.78 

32           22            10 

1.46 
1.56 

28.9 
25.6 

26.5 
24.1 

Loring 

115 

Forrest 

City, 

St.  Francis 

Hardwood, 
undisturbed 

Upland 
2  per- 
cent 

0-6 
6-12 
12-18 

SiL 
SiL 

SiL 

3 
2 

1 

HI 

79 
73 

16 
19 
26 

2.35 
.62 
.38 

26          22              4 

1.32 
1.41 

36.5 
30.9 

32.6 
26.4 

Loring 

1  17 

Forrest 

City, 

St.  Francis 

Hardwood, 
undisturbed 

Upland 
35  per- 
cent 

0-6 
6-12 
12-18 

SiL 
SiL 
SiL 

4 
1 
1 

74 
75 
79 

22 
24 
20 

1.33 

.4  6 
.2  5 

36          23            13 

1.32 
1.46 

36.2 

30.8 

32.0 
29.3 

Waverly 

122 

Marvell, 
Phillips 

Hardwood, 
undisturbed 

Bottom 
level 

0-6 
6-12 
12-18 

SiCL 

SiL 

SiL 

3 
1 
1 

69 
79 
73 

28 
20 
26 

2.60 
.70 
.55 

28          22              6 

1.31 
1.42 

34.2 
29.1 

31.6 
27.6 

Waverly 

123 

Marvell, 
Phillips 

Hardwood, 
undisturbed 

Bottom 
level 

0-6 
6-12 
12-18 

SiL 
SiL 
L 

2 

4 
33 

80 
74 
49 

18 
22 
18 

2.87 

1.45 

.9  5 

34          23            11 

1.24 
1.31 

40.4 
35.6 

35.0 
32.6 

Waverly 

128 

Crossett, 
Ashley 

Hardwood, 
undisturbed 

Bottom 
level 

0-6 
6-12 
12-18 

SiL 

SiL 
SiCL 

7 

11 

ID 

67 
71 
58 

24 
18 
32 

2.75 
.70 
.38 

Non-plastic 

1.36 
1.52 

30.4 
22.4 

28.4 
20.4 

Table  4.    Florida  soil  series:     site  descriptions  and  soil  properties 


Plasticity  con- 
stants by  weight 


Soil  moisture  by 


Site  Weather 

Soil  num-  station 

series  ber         and  county 


Congaree 


Grady 


Klej 


326     Chatta- 
hoochee , 
Gadsden 

324      Chatta- 
hoochee , 
Gadsden 

321      Marianna, 
Jackson 


328     Tallahassee, 
Leon 


322     Marianna, 
Jackson 


Jonesville  334     Madison, 

Madison 


323     Marianna, 
Jackson 


331      Monticello, 
Jefferson 


333     Madison, 
Madison 


332     Monticello, 
Jefferson 


Ochlockonee       329      Tallahass 
Leon 


Red  Bay 


330     Monticello, 
Jefferson 


327     Quincy, 

Gadsden 


325     Chatta- 
hoochee , 
Gadsden 


Topo- 
graphic 

Depths 
sam- 

Tex- 

Me 

a  n  8 

chanical 
;lysis  by 

Organic 
matter 

percent 

Bulk 
density 

weight, 

,  percent 

Vegetation 

Liq-     Plas-    Plas- 

.06  At- 

and land 

position 

pled 

ture 

weight,  pe 

r  ■  e  n  t 

by  weight 

uid        tic        ticity 

grams 

Satu- 

mosphere 

use 

and  slope 

inches 

class 
LS 

Sand 
86 

Silt 
10 

Clay 
4 

percent 

1.25 

limit    limit    index 

per  cc. 
1.57 

ration 
21.8 

tension 

Grasses- 

Terrace 

0-6 

18.0 

weeds, 

level 

6-12 

LS 

87 

9 

4 

.46 

Non-plastic 

1.57 

20.8 

15.6 

hay 

12-18 

LS 

87 

9 

4 

.25 

Hardwood, 

Bottom 

0-6 

CL 

36 

28 

36 

2.75 

1.29 

35.6 

32.2 

undisturbed 

level 

6-12 

CL 

33 

29 

38 

1.2  5 

38           19            19 

1.54 

24.8 

23.9 

12-18 

C 

16 

26 

58 

.78 

Grasses, 

Upland 

0-6 

SL 

80 

10 

10 

.95 

1.54 

23.7 

17.6 

moderately 

5  per- 

6-12 

SCL 

68 

10 

22 

.7!-. 

Non-plastic 

1.51 

24.8 

20.2 

grazed 

cent 

12-18 

SCL 

54 

14 

32 

.18 

Pine, 

Upland 

0-6 

SCL 

75 

5 

20 

1.2  5 

1.50 

24.8 

21.1 

undisturbed 

3  per- 

6-12 

SCL 

66 

4 

30 

.70 

Non-plastic 

1.45 

29.5 

27.5 

cent 

12-18 

SC 

46 

10 

44 

.55 

Pine-oak, 

Upland 

0-6 

SCL 

i,i 

14 

2U 

4.34 

1.26 

28.8 

20.6    . 

undisturbed 

level 

6-12 

SCL 

IVI 

11 

20 

.95 

Non-plastic 

1.71 

17.4 

14.9 

12-18 

SCL 

67 

1  1 

22 

.55 

Grasses- 

Upland 

0-6 

L 

■4  1 

49 

10 

2.60 

1.33 

32.5 

18.8 

weeds  , 

3  per- 

6-12 

LS 

82 

8 

10 

2.87 

Non-plastic 

1.36 

30.0 

20.7 

moderately 

cent 

12-18 

LS 

85 

7 

8 

1.98 

grazed 

Pine, 

Upland 

0-6 

LS 

82 

12 

6 

2.60 

1.33 

33.6 

20.2 

undisturbed 

level 

6-12 

LS 

85 

11 

4 

1.0  5 

Non-plastic 

1.64 

19.8 

13.8 

12-18 

LS 

85 

7 

8 

.55 

Grasses, 

Upland 

0-6 

S 

87 

11 

2 

1.55 

1.52 

27.2 

20.1 

moderately 

level 

6-12 

S 

il 

5 

4 

.70 

Non-plastic 

1.6] 

22.3 

13.2 

grazed 

12-18 

S 

89 

5 

6 

.38 

Pine, 

Upland 

0-6 

SL 

49 

47 

4 

1.05 

1.48 

26.7 

10.4 

undisturbed 

12  per- 

6-12 

S 

89 

9 

2 

.55 

Non-plastic 

1.56 

23.7 

10.0 

cent 

12-18 

S 

88 

8 

4 

.32 

Pine, 

Upland 

0-6 

S 

89 

9 

2 

2.60 

1.38 

32.5 

19.5 

undisturbed 

level 

6-12 

LS 

86 

8 

6 

1.45 

Non-plastic 

1.53 

23.4 

13.2 

12-18 

LS 

83 

11 

6 

.95 

Grasses, 

Bottom 

0-6 

SL 

68 

1(, 

16 

2.75 

1.50 

24.9 

20.4 

moderately 

level 

6-12 

SCL 

67 

11 

22 

1.05 

Non-plastic 

1.45 

27.4 

21.0 

grazed 

12-18 

SCL 

67 

1  1 

22 

.46 

Hardwood- 

Upland 

0-6 

LS 

82 

10 

8 

4.34 

1.38 

31.7 

20.0 

pine, 

level 

6-12 

S 

88 

8 

4 

1.98 

Non-plastic 

1.60 

21.4 

14.2 

undisturbed 

12-18 

LS 

87 

7 

6 

1.15 

Grasses- 

Upland 

0-6 

LS 

81 

13 

6 

1.98 

1.50 

26.3 

18.8 

weeds, 

level 

6-12 

SL 

76 

12 

12 

.62 

Non-plastic 

1.60 

20.5 

15.7 

hay 

12-18 

.SL 

69 

17 

14 

.46 

Pine, 

Upland 

0-6 

S 

90 

4 

6 

.62 

1.56 

21.6 

12.5 

undisturbed 

12  per- 

6-12 

LS 

82 

8 

10 

.32 

Non-plastic 

1.71 

18.4 

14.1 

cent 

12-18 

SL 

HI 

5 

14 

.25 

Table  5.    Georgia  soil  series:     site  descriptions  and  soil  properties 


Plasticity  con- 
stants by  weight  Soil  moisture  by 
Topo-       Depths                      Mechanical         Organic                 percent                   Bulk  weight,  percent 
Site          Weather           Vegetation      graphic        Sam-      Tex-         analysis  by           matter      Liq-     Plas  -    Plas-  density  .06  At- 
num-           station               and  land        position        pled       ture     weight,  percent    by  weight     uid        tic        ticity  grams  Satu-      mosphere 
ber         and  county                 use             and  slope    inches     class    Sand   Silt    Clay     percent      limit    limit    index  per  cc,  ration        tension 


Soil 
series 


Byars 


Grady 


Greenville 


347     Eufaula.Ala.    Grasses,  Terrace 

Quitman  moderately     level 

grazed 


335     Valdosta, 
Lowndes 


342     Cordele, 

Crisp 


344      Americus 
Sumter 


Grasses-  Upland 

weeds,  level 
undisturbed 

Pine,  Upland 

undisturbed  level 


Pine,  Upland 

Grasses  3  per- 

and  weeds,  cent 
undisturbed 


0-6 
6-12 
12-18 

0-6 
6-12 
12-18 

0-6 
6-12 
12-18 

0-6 

6-12 

12-18 


CL 

SCL 

SCL 

S 

LS 

LS 


41  29  30 
46  25  29 
53        18         29 


87 


SCL  50 

SCL  55 

SCL  50 

SL  70 

SCL  60 

SCL  58 


24 
22 
23 

13 

11 

II 


4 

6 

12 

26 
23 
27 

17 
26 
28 


4.52 
2.87 
1.25 

1.15 
.78 
.25 

6.04 
1.25 

.46 

1.15 
.70 
.38 


Non-plastic 


Non-plastic 


1.31 

36.6 

33.1 

1.59 

23.2 

21.5 

1.48 

24.6 

13.8 

1.62 

19.9 

13.3 

1.22 

44.6 

32.2 

1.80 

16.3 

13.7 

1.56 

23.0 

14.4 

1.72 

19.1 

16.2 

Irvington 


346     Americus, 
Sumter 


340      Tifton, 
Tift 


Grasses-  Upland 

weeds,  4  per- 

undisturbed  cent 

Grasses-  Upland 

weeds ,  5  per- 

moderately  cent 
grazed 


0-6  SCL 

6-12  SCL 

12-18  CL 

0-6  S 

6-12  LS 

12-18  SL 


23 
24 
22 


23 
25 
35 


88        10  2 

85        10  5 

77  9         14 


3.41 

1.33  Non-plastic 

.70 

1.50 
.75  22  13 

.50 


1.57 

23.6 

18.7 

1.64 

21.0 

17.8 

1.66 

21.2 

10.9 

1.80 

18.4 

12.6 

Lynchburg 


Lynchburg 


Lynchburg 


Magnoli 


337     Alapaha, 
Berrien 


338     Alapaha, 
Berrien 


343      Cordele, 
Crisp 


345     Americus, 
Sumter 


336     Valdosta, 
Lowndes 


341      Cordele, 
Crisp 


Pine, 

lightly 

grazed 

Grasses, 

moderately 

grazed 

Grasses, 

moderately 

grazed 

Grasses- 
weeds, 

undisturbed 

Pine, 
undisturbed 


Upland 
level 


Upland 
level 


Upland 
level 


Upland 
5  per- 
cent 

Upland 
level 


Grasses-  Upland 

weeds,  5  per- 

undisturbed    cent 


0-6  LS  83 

6-12       LS  84 

12-18       LS  83 


0-6 
6-12 
12-18 


0-6  LS  85 

6-12       SL  68 

12-18       SCL      62 


0-6  LS 

6-12       SL 
12-18       SCL 


14  3 

11  5 

14  3 


S  94  2  4 

S  90  4  6 

LS  84         10  6 


n 


0-6  SL  71 

6-12       SL         68        17 
12-18       SCL      62        17 


11 

14 
14 


11 

15 

21 


24 


0-6         SL  57        29         14 

6-12       S  94  4  2 

12-18       S  92  4  4 


2.08 
.70 
.38 

1.45 
.62 
.32 


15 

25 


Non-plastic 


Non-plastic 


Non-plastic 


.38  20  11 

.38 

4.05 
.25  Non-plastic 

.32 

1.05 
.55  15  12 

.46 


1.59 

19.9 

13.5 

1.63 

19.6 

12.2 

1.55 

21.7 

13.3 

1.67 

18.9 

12.4 

1.60 

21.7 

15.7 

1.78 

16.9 

13.7 

1.48 

27.2 

13.1 

1.72 

18.2 

14.8 

1.25 

32.6 

22.4 

1.51 

23.3 

12.7 

1.63 

22.2 

9.0 

1.72 

17.9 

10.4 

Table  6.    Louisiana  soil  series:     site  descriptions  and  soil  properties 


Plasticity  con- 

stants by  weight 

Soil  moisture  by 

Site 

Weather 

Vegetation 

Topo- 
graphic 

Depths 
sam- 

Tex- 

Mechanical 
analysis  by 

Organic 
matter 

percent 

Bulk 

density 

weight, 

percent 

Liq-    Plas-   Plas- 

.06  At- 

Soil 

num- 

station 

and  land 

position 

pled 

ture 

weight,  percent 

by  weight 

uid        tic       ticity 

grams 

Satu-      i 

mosphere 

series 

ber 

and  county 

use 

and  slope 

inches 

class 

Sand 

Silt 

Clay 

percent 

limit    limit    index 

per  cc. 

rati. in 

tension 

Bowie 

1S9 

Pollock, 

Pine, 

Upland 

0-6 

L 

46 

4-1 

Id 

1.88 

1.46 

25.8 

20.7 

Grant 

undisturbed 

4  per- 
cent 

6-12 
12-18 

L 
L 

36 
37 

42 
43 

22 
20 

.78 
.38 

24           15              9 

1.51 

26.2 

21.0 

Caddo 

142 

Glenmora, 

Grasses, 

Upland 

0-6 

SiL 

15 

74 

11 

3.27 

1.38 

32.3 

29.6 

Rapides 

moderately 
grazed 

level 

6-12 

Si] 

7 

74 

19 

1.05 

Non-plastic 

1.48 

29.9 

26.0 

Calhoun 

145 

Covington, 

Grasses- 

Terrace 

0-6 

SiL 

32 

58 

10 

2.23 

1.40 

29.8 

28.1 

St.  Tammany 

weeds  , 
lightly 
grazed 

level 

6-12 
12-18 

SiL 
SiL 

32 

30 

56 
52 

12 
18 

.70 
.55 

Non-plastic 

1.54 

24.2 

22.3 

Ochlockonee 

138 

Pollock, 

Hardwood, 

Bottom 

0-6 

SiL 

31 

50 

IN 

2.87 

1.11 

45.1 

36.0 

Grant 

undisturbed 

level 

6-12 
12-18 

SiL 

L 

34 
44 

51 
42 

15 

14 

1.65 
.95 

Non-plastic 

1.18 

43.6 

34.9 

Olivier 

143 

Livingston, 

Pine, 

Terrace 

0-6 

SiL 

15 

71 

14 

2.47 

1.35 

33.2 

29.4 

Livingston 

undisturbed 

level 

6-12 
12-18 

SiL 
SiCL 

1  1 
8 

73 
56 

16 
36 

.55 
.46 

27          21              6 

1.54 

27.6 

24.2 

Olivier 

144 

Livingston, 

Grasses- 

Terrace 

0-6 

SiL 

27 

61 

12 

2.60 

1.37 

30.0 

28.2 

Livingston 

weeds  , 
lightly 
grazed 

level 

6-12 
12-18 

SiL 
SiL 

21 
16 

63 
62 

16 
22 

.70 

.  :'■  B 

26          20              6 

1.65 

21.9 

20.2 

Orangeburg 

134 

Calhoun  Exp. 

Grasses, 

Upland 

0-6 

SL 

53 

j  1 

16 

1.55 

1.74 

17.4 

15.1 

Station, 

moderately 

2  per- 

6-12 

L 

46 

36 

18 

.78 

18           12              6 

1.78 

16.2 

15.3 

Ouachita 

grazed 

cent 

12-18 

L 

40 

36 

24 

,25 

Richland 

146 

Covington, 

Pine, 

Terrace 

0-6 

SiL 

28 

60 

L2 

1.65 

1.32 

34.4 

30.1 

St.  Tammany 

undisturbed 

level 

6-12 
12-18 

SiL 
SiL 

2t, 

28 

54 

52 

20 
20 

.95 
.70 

Non-plastic 

1.60 

22.6 

21.0 

Ruston 

136 

Calhoun  Exp. 

Pine, 

Upland 

0-6 

SL 

69 

23 

H 

.78 

1.64 

18.3 

13.8 

Station, 

undisturbed 

6  per- 

6-12 

SL 

60 

24 

16 

.38 

Non-plastic 

1.74 

16.3 

13.4 

Ouachita 

cent 

12-18 

SCL 

54 

19 

27 

.46 

Ruston 

137 

Pollock, 

Pine, 

Upland 

0-6 

SL 

64 

26 

10 

1.05 

1.56 

20.4 

15.7 

Grant 

undisturbed 

6  per- 
cent 

6-12 
12-18 

SCL 

L 

48 
46 

26 
30 

26 
24 

.70 
.38 

24           14            10 

1.58 

22.8 

18.5 

Savannah 

141 

Glenmora, 

Grasses, 

Upland 

0-6 

SiL 

39 

51 

10 

2.81 

1.38 

30.2 

26.2 

Rapides 

moderately 
grazed 

6  per- 
cent 

6-12 

L 

32 

48 

20 

.62 

28           18            10 

1.59 

23.0 

21.2 

Thompson 

135 

Calhoun  Exp. 

Grasses- 

Terrace 

0-6 

SL 

55 

S5 

10 

1.25 

1.59 

20.9 

17.3 

Station, 

weeds, 

4  per- 

6-12 

SL 

62 

29 

9 

1.0  5 

Non-plastic 

1.68 

19.7 

15.8 

Ouachita 

hay 

cent 

12-18 

SL 

66 

25 

9 

.55 

Vian 

131 

Bastrap, 

Hardwood- 

Terrace 

0-6 

LS 

80 

18 

2 

.7  8 

1.50 

24.8 

14.2 

Morehouse 

pine, 

4  per- 

6-12 

SL 

64 

23 

13 

.4  6 

Non-plastic 

1.60 

21.4 

15.8 

undisturbed 

cent 

12-18 

L 

51 

32 

17 

.  1 8 

Vian 

132 

Bastrap, 

Grasses- 

Terrace 

0-6 

SiL 

31 

53 

16 

1.65 

1.54 

23.5 

21.2 

Morehouse 

weeds  , 
undisturbed 

level 

6-12 
12-18 

SiL 
SiL 

29 
24 

50 
54 

21 
22 

1.15 
.78 

22           16              6 

1.63 

21.1 

19.0 

Wrightsville 

133 

Bastrap, 

Hardwood- 

Terrace 

0-6 

L 

41 

45 

13 

1.33 

1.61 

21.1 

I'M 

Morehouse 

grasses  , 
undisturbed 

level 

6-12 
12-18 

L 

L 

40 
39 

46 
47 

14 
14 

.70 
.38 

Non-plastic 

1.68 

19.3 

17.8 

Yahola 

140 

Alexandria, 

Grasses- 

Bottom 

0-6 

SiL 

29 

59 

12 

2.08 

1.44 

28.6 

2  7.0 

Rapides 

weeds  , 
hay 

level 

6-12 
12-18 

SiL 
SiL 

29 
25 

57 
61 

14 
14 

.55 

Non-plastic 

1.51 

29.8 

25.9 

Table  7.    Mississippi  soil  series:     site  descriptions  and  soil  properties 


Soil 
series 


Alligator 


Brooksville 


Site 
num- 
ber 


Weather 

station 

and  county 


Topo-  Depths 

Vegetation      graphic  sam- 

and  land        position  pled 
use 


Plasticity  con- 
stants by  weight 
Mechanical  Organic  percent 

analysis  by  matter      Liq-     Plas -    Plas - 

ght,  percent    by  weight     uid        tic        ticity 


109     Clarksdale ,       Grasses, 
Coahoma  lawn 


219  Brooksville  Grasses, 
Exp.  Station,  cultivated 
Noxubee  previously, 

now  lightly 
grazed 


and  slope 

inches 

class 
C 

Sand 
13 

Silt 
21 

Clay 
66 

percent 

Bottom 

0-6 

4.15 

level 

6-12 

C 

4 

22 

74 

1.15 

12-18 

c 

4 

25 

71 

.86 

Upland 

0-6 

SiCL 

15 

SI 

34 

1.98 

level 

6-12 

SiC 

]  1 

48 

41 

1.25 

12-18 

SiCL 

IK 

48 

34 

.86 

■Soil  moisture  by 

Bulk 

weight, 

,  percent 

density 

.06  At- 

grams 

Satu- 

mosphere 

per  cc. 

ration 

tension 

1.10 

57.0 

53.1 

1.22 

50.2 

48.4 

1.50 

30.2 

27.4 

1.57 

29.8 

28.2 

Calhoun 

205 

Oakley 

Hardwood, 

Terrace 

0-6 

SiL 

1 

82 

17 

3.13 

1.34 

33.2 

29.8 

Exp.  Station, 

lightly 

2  per- 

6-12 

SiL 

1 

84 

15 

.95 

N 

on-pls 

:Stic 

1.38 

36.4 

30.3 

Hinds 

grazed 

cent 

12-18 

SiL 

4 

78 

18 

.70 

Calloway 

209 

Oakley 

Hardwood, 

Upland 

0-6 

SiL 

5 

77 

18 

1.25 

1.31 

36.1 

32.2 

Exp.  Station, 

undisturbed 

level 

6-12 

SiL 

7 

81 

12 

.46 

29 

22 

7 

1.27 

41.9 

34.0 

Hinds 

12-18 

SiCL 

6 

6  0 

34 

.38 

Calloway 

246 

Holly 

Grasses, 

Upland 

0-6 

SiL 

15 

68 

17 

.86 

1.50 

♦28.2 

25.4 

Springs, 

lawn 

level 

6-12 

SiL 

9 

65 

26 

.55 

34 

24 

10 

1.41 

*33.2 

29.4 

Marshall 

Calloway 

248 

Holly 

Grasses, 

Upland 

0-6 

SiL 

6 

72 

22 

1.25 

1.47 

29.1 

25.9 

Springs, 

moderately 

3  per- 

6-12 

SiCL 

2 

70 

28 

.46 

35 

24 

11 

1.46 

30.0 

28.0 

Marshall 

grazed 

cent 

12-18 

SiCL 

2 

70 

28 

.38 

Carroll 

252 

Sardis  Dam, 

Hardwood, 

Terrace 

0-6 

SiL 

13 

74 

13 

1.65 

1.34 

*36.2 

28.5 

Panola 

undisturbed 

level 

6-12 

SiL 

11 

62 

27 

.55 

34 

19 

15 

1.38 

♦  34.6 

27.4 

Collins 

251 

Sardis  Dam, 

Grasses, 

Bottom 

0-6 

SiL 

2 

84 

14 

1.25 

1.29 

38.8 

32.7 

Panola 

hay 

level 

6-12 

SiL 

3 

83 

14 

1.77 

Non-pla 

stic 

1.34 

38.3 

30.7 

12-18 

SiCL 

1 

71 

28 

.32 

Collins 

253 

Batesville, 

Grasses, 

Bottom 

0-6 

SiL 

2 

82 

16 

1.65 

1.48 

29.2 

26.4 

Panola 

moderately 
grazed 

3  per- 
cent 

6-12 
12-18 

SiL 
SiL 

2 

2 

83 
83 

15 
15 

.46 
.38 

29 

24 

5 

1.51 

28.4 

25.7 

Commerce 

102 

Rolling 

Grasses, 

Terrace 

0-6 

SiL 

35 

59 

6 

1.55 

1.31 

36.4 

30.0 

Fork, 

lawn 

level 

6-12 

SiL 

23 

61 

16 

.62 

29 

25 

4 

1.53 

30.0 

26.2 

Sharkey 

12-18 

SiL 

22 

(,t, 

12 

.32 

Commerce 

103 

Rolling 

Grasses, 

Terrace 

0-6 

L 

25 

49 

26 

1.15 

1.30 

*38.5 

29.0 

Fork, 

hay 

level 

6-12 

SiL 

26 

54 

20 

.38 

32 

23 

9 

1.48 

♦29.9 

27.1 

Sharkey 

12-18 

SiL 

31 

53 

16 

.32 

Dowling 

259 

Lambert, 

Cypress- 

Bottom 

0-6 

> 

2 

25 

73 

6.17 

.86 

79.7 

62.4 

Quitman 

gum, 
undisturbed 

level 

6-12 
12-18 

C 

c 

2 
I 

24 
24 

74 
75 

5.10 
2.23 

91 

42 

49 

.95 

71.5 

68.6 

Dubbs 

111 

Clarksdale , 

Grasses, 

Terrace 

0-6 

CL 

21 

45 

34 

4.80 

1.45 

29.2 

26.3 

Coahoma 

hay 

level 

6-12 
12-18 

CL 
CL 

28 
23 

43 
47 

29 
30 

2.23 
1.33 

34 

19 

15 

1.64 

24.0 

22.8 

Dubbs 

112 

Tunica, 

Grasses, 

Terrace 

0-6 

CL 

28 

44 

28 

3.69 

1.51 

26.5 

24.9 

Tunica 

lightly 
grazed 

level 

6-12 
12-18 

L 
L 

37 
42 

39 
36 

24 
22 

1.45 

1.05 

37 

21 

16 

1.51 

27.9 

26.4 

Dundee 

101 

Rolling 

Grasses, 

Terrace 

0-6 

SiCL 

15 

57 

28 

1.88 

1.50 

31.2 

27.0 

Fork, 

hay 

level 

6-12 

SiCL 

10 

56 

34 

.95 

38 

22 

16 

1.56 

27.6 

26.2 

Sharkey 

12-18 

SiCL 

5 

57 

38 

.46 

Dundee 

104 

Rolling 

Grasses, 

Terrace 

0-6 

SiC 

9 

47 

44 

4.52 

1.37 

35.6 

28.0 

Fork, 

hay 

level 

6-12 

SiCL 

13 

59 

28 

3.96 

52 

23 

29 

1.49 

30.8 

29.5 

Sharkey 

12-18 

SiL 

24 

52 

24 

.55 

Dundee 

257 

Lambert, 

Pecan- 

Terrace 

0-6 

SiCL 

11 

55 

34 

2.47 

1.39 

32.8 

27.3 

Quitman 

grasses  , 
hay 

level 

6-12 
12-18 

SiCL 
SiCL 

10 
13 

52 
53 

38 
34 

1.45 

.70 

46 

24 

22 

1.50 

30.0 

28.2 

Dundee 

261 

Vance, 

Pecan- 

Terrace 

0-6 

SiCL 

21 

52 

27 

3.27 

1.54 

26.0 

34.2 

Quitman 

grasses  , 

lightly 

grazed 

level 

6-12 
12-18 

SiCL 
SCL 

19 

58 

45 
18 

36 
24 

.86 
.61 

42 

22 

20 

1.53 

30.4 

28.6 

Ecru 

229 

Pontotoc 

Pine, 

Upland 

0-6 

SiC 

11 

47 

42 

1.45 

1.50 

25.6 

21.6 

Exp.  Station, 

undisturbed 

3  per- 

6-12 

SiL 

14 

60 

26 

.86 

30 

17 

13 

1.58 

23.2 

21.6 

Pontotoc 

cent 

12-18 

SiCL 

11 

55 

34 

.86 

Eutaw 

212 

Forrest, 

Pine- 

Upland 

0-6 

L 

43 

45 

12 

1.2  5 

1.64 

20.4 

18.4 

Scott 

hardwood, 
undisturbed 

level 

6-12 
12-18 

L 
CL 

32 
24 

46 
40 

22 
36 

.32 

.32 

25 

13 

12 

1.74 

18.4 

17.4 

*    Moisture  content  at  theoretical  maximum  determined  from   computed  total  pore   space.   Saturation  value   was  not  determined  for  this  depth. 
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Table  7.    Mississippi  soil  series:     site  descriptions  and  soil  properties  (continued) 


Plasticity 

con- 

stants  by  weight 

Soil  moisture  by 

Site 

Weather 

Vegetation 

Topo- 
graphic 

Depths 
sam- 

Tex- 

Mechanical 
analysis  by 

Organic 
matter 

percent 

Bulk 
density 

weight. 

percent 

Liq- 

Plas- 

Plas- 

.06 At- 

Soil 

num- 

station 

and  land 

position 

pled 

ture 

weight,  percent 

by  weight 

uid 

tic 

ticity 

grams 

Satu-      i 

-nosphere 

series 

ber 

and  county 

use 

and  slope 

inches 

class 

Sand 

Silt 

Clay 

percent 

limit 

limit 

index 

per  cc. 

ration 

tension 

Eutaw 

213 

Fore  st, 

Grasses- 

Upland 

0-6 

SiCL 

16 

56 

.'H 

2.08 

1.52 

26.0 

24.5 

Scott 

weeds, 
hay 

level 

6-12 
12-18 

SiCL 
SiCL 

14 

15 

54 
47 

il 

38 

.62 
.32 

40 

18 

11 

1.52 

25.6 

24.6 

Eutaw 

224 

Dancy, 

Hardwood, 

Upland 

0-6 

SiL 

21 

57 

22 

3.86 

1.07 

*55.0 

41.2 

Webster 

undisturbed 

2  per- 
cent 

6-12 

SiCL 

14 

51 

J5 

1.05 

45 

25 

20 

1.40 

*33.7 

30.4 

Eutaw 

225 

Dancy, 

Pine- 

Upland 

0-6 

SiCL 

10 

62 

28 

1.4  5 

1.41 

31.6 

29.1 

Webster 

grasses , 
undisturbed 

3  per- 
cent 

6-12 
12-18 

SiCL 
SiCL 

13 
10 

57 
54 

in 
36 

.55 
.46 

45 

11 

1  i 

1.47 

32.4 

31.0 

Falaya 

201 

Utica, 

Grasses, 

Bottom 

0-6 

Si 

10 

80 

10 

1.25 

1.34 

33.8 

31.0 

Hinds 

moderately 

level 

6-12 

Si 

7 

83 

10 

.55 

N. 

Dn-plastic 

1.37 

33.4 

29.4 

grazed 

12-18 

Si 

9 

85 

8 

.38 

Falaya 

2  04 

Utica, 

Grasses  - 

Bottom 

0-6 

Si 

3 

86 

11 

1.25 

1.34 

35.4 

31.4 

Hinds 

weeds , 

level 

i.- \i 

SiL 

1 

85 

14 

.86 

Non-plastic 

1.40 

34.8 

30.0 

moderately 

12-18 

SiL 

1 

81 

18 

.HI., 

grazed 

Falaya- 

228 

Pontotoc 

Hardwood, 

Bottom 

0-6 

SiL 

17 

61 

22 

3.27 

1.46 

32.6 

25.2 

Collins 

Exp.  Station, 
Pontotoc 

undisturbed 

level 

6-12 
12-18 

CL 
SiL 

26 
24 

11 
50 

30 
26 

.55 
.38 

38 

21 

17 

1.51 

27.1 

24.0 

Falaya- 

232 

Booneville, 

Grasses, 

Bottom 

0-6 

SiL 

17 

65 

18 

2.29 

1.42 

♦31.9 

28.6 

Collins 

Prentiss 

moderately 
grazed 

level 

6-12 

L 

18 

49 

13 

1.20 

30 

19 

1  1 

1.57 

♦26.0 

23.8 

Falkner 

227 

Pontotoc 

Grasses, 

Upland 

0-6 

SiL 

30 

58 

12 

2.60 

1.53 

2  3.6 

19.8 

Exp.  Station, 

lawn 

level 

6-12 

SiL 

IK 

62 

20 

.55 

21 

17 

4 

1.63 

22.0 

19.3 

Pontotoc 

12-18 

SiL 

25 

61 

11 

.55 

Forestdale 

258 

Lambert, 

Grasses, 

Terrace 

0-6 

SiCL 

20 

53 

27 

1.4  5 

1.47 

28.1 

25.3 

Quitman 

lawn 

level 

6-12 
12-18 

SiC 
CL 

13 

24 

46 

VI 

41 

37 

.62 
.55 

43 

25 

18 

1.53 

32.4 

29.3 

Franklinton 

230 

Booneville , 

Grasses- 

Upland 

0-6 

SiL 

26 

59 

15 

2.08 

1.36 

*35.1 

26.6 

Prentiss 

weeds, 
undisturbed 

level 

6-12 

SiL 

22 

52 

26 

.62 

32 

20 

1Z 

1.45 

*31.2 

26.3 

Geiger 

226 

Dancy, 

Grasses- 

Terrace 

0-6 

SiCL 

5 

58 

37 

1.05 

1.39 

33.0 

31.4 

Webster 

weeds  , 
undisturbed 

level 

6-12 
12-18 

SiCL 
SiL 

6 
22 

56 

62 

16 

.55 
.55 

41 

26 

20 

1.39 

35.3 

34.0 

Grenada 

207 

Oakley 

Grasses, 

Upland 

0-6 

SiL 

6 

82 

12 

2.08 

1.40 

31.5 

28.5 

Exp.  Station, 

hay 

5  per- 

6-12 

SiL 

2 

74 

24 

.38 

34 

22 

12 

1.46 

30.1 

26.8 

Hinds 

cent 

12-18 

SiL 

5 

73 

22 

.1  B 

Grenada 

247 

Holly 

Grasses, 

Upland 

0-6 

SiL 

3 

83 

11 

1   77 

1.48 

29.2 

27.0 

Springs, 

moderately 

level 

6-12 

SiCL 

2 

65 

33 

.50 

34 

23 

1  1 

1.48 

29.0 

27.1 

Marshall 

grazed 

12-18 

SiCL 

1 

67 

32 

.38 

Grenada 

249 

Holly 

Grasses, 

Upland 

0-6 

SiCL 

4 

62 

34 

3.41 

1.48 

29.1 

26.9 

Springs, 

moderately 

6  per- 

6-12 

SiCL 

1 

71 

28 

.70 

.(4 

2  5 

11 

1.48 

29.4 

27.7 

Marshall 

grazed 

cent 

12-18 

SiCL 

2 

7D 

28 

.38 

Henry 

208 

Oakley 

Grasses, 

Upland 

0-6 

SiC 

3 

56 

■n 

1.77 

1.46 

28.7 

26.5 

Exp.  Station, 

hay 

level 

6-12 

SiC 

6 

54 

40 

.62 

)4 

20 

14 

1.44 

30.2 

27.6 

Hinds 

12-18 

SiC 

1 

55 

44 

.38 

Hunt 

221 

Brooksville 

Grasse  s, 

Upland 

0-6 

SiL 

19 

59 

22 

3.96 

1.57 

28.0 

26.4 

Exp.  Station, 

moderately 

4  per  - 

6-12 

SiL 

19 

57 

24 

1.88 

50 

22 

28 

1.55 

30.4 

28.4 

Noxubee 

grazed 

cent 

12-18 

SiCL 

10 

50 

40 

1.77 

Hymon 

256 

Batesville, 

Hardwood- 

Bottom 

0-6 

SiL 

3 

80 

17 

1.45 

1.46 

29.0 

24.8 

Panola 

grasses, 

lightly 

grazed 

level 

6-12 
12-18 

SiL 
SiL 

8 
27 

73 
60 

19 
13 

.55 
.38 

N. 

Dn-pla: 

stic 

1.48 

30.9 

26.0 

Kaufman 

222 

State 

Clover- 

Bottom 

0-6 

L 

32 

46 

22 

2.75 

1.51 

26.8 

21.4 

College, 

grasses, 

3  per- 

6-12 

L 

34 

44 

22 

1.98 

29 

17 

12 

1.64 

22.0 

20.1 

Oktibbeha 

cultivated 
previously, 
now  lightly 
grazed 

cent 

12-18 

L 

31 

4S 

24 

1.55 

Leeper 

223 

State 

Grasses, 

Terrace 

0-6 

CL 

31 

35 

1-1 

2.35 

1.38 

33.9 

31.8 

College, 

cultivated 

3  per- 

6-12 

CL 

27 

35 

38 

.86 

50 

21 

29 

1.57 

25.8 

24.9 

Oktibbeha 

previously, 

cent 

12-18 

CL 

23 

37 

40 

.70 

now  in  hay 
*    Moisture  content  at  theoretical  maximum  determined  from  computed  total  pore  space.   Saturation  value  was  not  determined  for  this  depth. 
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Table  7.     Mississippi  soil  series:     site  descriptions  and  soil  properties  (continued) 


Site  Weather  Vegetation 

num-  station  and  land 

ber         and  county  use 


Topo-  Depths 

graphic  sam- 

position  pled 

and  slope  inches 


Mechanical 
analysis  by 


Organic 
matter 


Plasticity  con- 
stants by  weight 
percent 


Bulk 


Tex-         analysis  by  matter      Liq-     Plas-    Plas-    density 

ture     weight,  percent  by  weight     uid        tic       ticity     grams 
class    Sand   Silt    Clay     percent      limit    limit    index    per  cc.      ration        tension 


Soil  moisture  by 
weight,  percent 
.06  At- 
Satu-      mosphere 


Lexington 


234     Corinth, 
Alcorn 


Pine- 

hardwood, 

undisturbed 


Upland  0-6 

4  per  -  6-12 

cent  12-18 


SiL  30  56  14 
SiL  20  68  12 
SiCL     18        52         30 


1. 


.62 
.55 


1.33 
1.45 


32.8 
29.3 


25.3 
24.3 


Loring 


202      Utica, 
Hinds 


Pine-oak,         Upland  0-6         SiL  3        83         14  1.25  1.26  37.1  30.6 

undisturbed     5  per-  6-12       SiL  2        82         16  .78  Non-plastic  1.33  37.0  31.2 

cent  12-18       SiL  3        75         22  .55 


Loring  203      Utica,  Oak-pine,         Upland  0-6         SiL  2        80         18  2.08  1.27  38.7  32.9 

Hinds  lightly  5  per-  6-12       SiL  1        75         24  .86  32  21  11  1.39  32.4  27.6 

grazed  cent  12-18       SiCL       1        65         34  .55 


Loring 


250     Sardis  Dam,     Hardwood, 
Panola  undisturbed 


Upland 
3  per- 
cent 


0-6 

6-12 

12-18 


SiL 

SiCL 

SiCL 


76 
63 

65 


1.50  1.36  32.2  28.0 

.50  Non-plastic  1.39  31.0  27.3 

.45 


Mantachie  215      Newton  Grasses,  Bottom  0-6         SL         69        21  10 

Exp.  Station,     hay  level  6-12       SL  74        20  6 

Newton  12-18       SL  74        16         10 


1.65  1.55  22.2  19.2 

.32  Non-plastic  1.53  24.2  19.3 

.18 


Memphis  254     Batesville,         Grasses,  Upland  0-6         SiL  3        73 

Panola  moderately      5  per-  6-12       SiCL       2        68 

grazed  cent  12-18       SiL  3        73 


1.33  1.52  27.4  23.9 

.38  42  24  18  1.46  32.6  28.1 

.35 


Oktibbeha  210     Forest. 

Scott 


Pine,  Upland  0-6         CL         23        41         36  2.08  1.48  29.0  24.4 

undisturbed     5  per-  6-12       C  16        36         48  .70  59  20  39  1.49  28.0  25.7 

cent  12-18       C  13        35         52  .46 


206     Oakley  Grasses,  Terrace         0-6  SiL  4        78         18 

Exp.  Station,     moderately     2  per-  6-12       SiL  3        73         24 

Hinds  grazed  cent  12-18       SiCL        1        67         32 


1.65  1.46  27.4  25.2 

.07  34  23  11  1.46  29.9  26.9 

.18 


235      Corinth,  Grasses, 

Alcorn  hay 


Terrace         0-6 
level  6-12 

12-18 


SiL        22        62         16  2.23  1.46  30.0  27.4 

SiL        32        52         16  .46  29  19  10  1.61  24.3  22.4 

SiL        12        64         24  .32 


255      Batesville,        Grasses, 

Panola  moderately 

grazed 


Terrace         0-6 
level  6-12 


SiL 
SiL 


71 
64 


15 

22 


1.05 
.55  34  23  11 


1.43  *3 1 .5  27.2 

1.44  *31.7  27.4 


Sawyer 


Sharkey 


Sharkey 


Sharkey 


Sharkey 


214     Newton  Grasses,  Terrace         0-6         SiL        33        53         14 

Exp. Station,     hay  2  per-  6-12       SiL        18        56         26 

Newton  cent  12-18       SiL        12        70         18 


149     Poplarville  Grasses,  Upland  0-6 

Exp.  Station,  hay  6  per-  6-12 

Pearl  River  cent  12-18 

147     Poplarville  Grasses,  Upland  0-6 

Exp.  Station,  lawn  level  6-12 

Pearl  River  12-18 

106     Stoneville  Hardwood,  Bottom  0-6 

Exp.  Station,  undisturbed  level  6-12 

Washington  12-18 


SL  53 

SiL  27 

SiL  23 

L  45 

L  37 

L  34 


113      Tunica,  Grasses-  Bottom  0-6 

Tunica  weeds,  level  6-12 

undisturbed  12-18 


39 
59 
57 


43 
42 


107  Stoneville  Hardwood,  Bottom  0-6  C  3  25 
Exp.  Station,  undisturbed  level  6-12  C  3  23 
Washington  12-18  C  2  22 

108  Stoneville  Hardwood,  Bottom  0-6  C  6  32 
Exp.  Station,  undisturbed  level  6-12  C  6  26 
Washington  12-18  C  6  22 

110     Clarksville,  Grasses,  Bottom  0-6  C  4  28 

Coahoma  moderately  level  6-12  C  1  32 

grazed  12-18  C  1  22 


14 
20 


20 
24 


C  2        21         77 

C  3        23         74 

C  2        17         81 


62 
68 
72 

68 
67 
77 


SiC  3        47         50 

SiC  3        45         52 

SiCL        1        65         34 


260      Lambert,            Grasses,  Bottom  0-6  C  1  37  62 

Quitman               moderately  level  6-12  C  1  34  65 

grazed  12-18  C  1  35  64 

218     Newton                 Pine-oak,  Upland  0-6  SL  71  25  4 

Exp.  Station,    undisturbed  10  per-  6-12  SL  65  21  14 

Newton  cent  12-18  SC  46  16  38 


1.0  5 
.32 
.07 

1.05 
.55 
.32 

2.87 
1.33 
.70 

3.62 
1.45 
1.65 


72  3.00 

74  1.33 

76  1.33 


3.77 
1.33 

.95 

2.47 
.78 
.86 

3.96 
1.88 
1.25 

1.25 

1.15 

.95 

.86 
.55 
.55 


Non-plastic 


1.59 

22.4 

19.3 

1.58 

24.8 

22.0 

1.50 

25.3 

20.2 

1.75 

18.0 

16.1 

1.48 

25.4 

21.8 

1.56 

24.4 

21.0 

1.02 

6  3.6 

54.7 

1.14 

57.7 

55.7 

1.00 

66.0 

57.6 

1.11 

56.6 

55.2 

1.21 

46.6 

43.1 

1.22 

48.5 

47.2 

1.36 

40.1 

38.3 

1.24 

49.1 

46.5 

1.39 

32.2 

30.8 

1.41 

32.2 

31.5 

1.36 

36.5 

34.8 

1.34 

43.0 

40.1 

1.40 

34.2 

25.5 

1.50 

26.9 

21.2 

*    Moisture  content  at  theoretical  maximum  determined  from  computed  total  pore   space.    Saturation  value  was  not  determined  for  this  depth. 


( Continued) 


Table  7,    Mississippi  soil  series:     site  descriptions  and  soil  properties  (continued) 


Plasticity 

con- 

stants  by  weight 

Soil  moisture  by 

Site 

Weather 

Vegetation 

Topo- 
graphic 

Depths 
sam- 

Tex- 

Mechanical 
analysis  by 

Organic 
matter 

percent 

Bulk 
density 

weight, 

percent 

Liq-    Plas- 

Plas- 

.06 At- 

Soil 

num- 

station 

and  land 

position 

pled 

ture 

weight,  percent 

by 

weight 

uid        tic 

ticity 

grams 

Satu- 

mosphere 

series 

ber 
231 

and  county 
Booneville, 

use 
Hardwood, 

and  slope 

inches 

class 
CL 

Sand 
31 

Silt 
41 

Clay 
28 

pe 

rcent 
1.88 

limit    limit 

index 

per  cc. 
1.34 

ration 
33.6 

tension 

Shubuta 

Upland 

0-6 

29.2 

Prentiss 

undisturbed 

8  per- 
cent 

6-12 
12-18 

C 
SCL 

35 
50 

17 
.'.4 

48 
26 

1.2  5 

.55 

55          28 

27 

1.30 

45.3 

41.9 

Susquehanna 

148 

Poplarville 

Grasses, 

Upland 

0-6 

SL 

56 

34 

10 

1.88 

1.54 

24.6 

20.6 

Exp.  Station, 

hay 

3  per- 

6-12 

SCL 

56 

14 

30 

.78 

34          20 

14 

1.63 

22.8 

21.0 

Pearl  River 

cent 

12-18 

CL 

35 

31 

34 

.55 

Susquehanna 

217 

Newton 

Grasses, 

Upland 

0-6 

SiL 

22 

.-4 

14 

1.65 

1.50 

25.4 

22.6 

Exp.  Station, 

moderately 

5  per- 

6-12 

SiL 

14 

60 

26 

.55 

34          20 

1 

1.51 

28.6 

25.2 

Newton 

grazed 

cent 

12-18 

SiCL 

12 

54 

34 

.25 

Tilden 

216 

Newton 

Grasses, 

Terrace 

0-6 

SiL 

37 

SI 

12 

.70 

1.56 

23.4 

20.4 

Exp.  Station, 

hay 

8  per- 

6-12 

SiL 

22 

52 

26 

.55 

53           18 

35 

1.56 

24.7 

22.4 

Newton 

cent 

12-18 

SiL 

26 

50 

24 

.IK 

Tunica 

114 

Tunica, 

Grasses- 

Bottom 

0-6 

C 

5 

29 

66 

1.55 

1.34 

37.0 

35.9 

Tunica 

weeds, 

undisturbed 

3  per- 
cent 

6-12 
12-18 

C 

C 

H 
1 

2K 
33 

64 
58 

.9  5 
.55 

57           24 

33 

1.38 

35.0 

34.0 

Vaiden 

211 

Forest, 

Pine, 

Upland 

0-6 

SiC 

8 

52 

40 

2.47 

1.22 

*43.5 

34.8 

Scott 

undisturbed 

level 

6-12 

C 

7 

38 

55 

1.05 

53          23 

30 

1.28 

*40.4 

38.9 

Vaiden 

220 

Brooksville 

Grasses, 

Upland 

0-6 

SiC 

11 

4  8 

41 

1.25 

1.46 

33.0 

31.5 

Exp.  Station, 

moderately 

6  per- 

6-12 

SiC 

9 

45 

46 

.62 

53           21 

32 

1.52 

32.6 

30.2 

Noxubee 

grazed 

cent 

12-18 

SiCL 

1  1 

55 

34 

.62 

Waverly 

233 

Corinth, 

Grasses- 

Bottom 

0-6 

SiCL 

7 

63 

30 

1.88 

1.45 

30.1 

27.8 

Alcorn 

weeds, 
bay 

level 

6-12 
12-18 

SiL 
SiCL 

8 
15 

7u 
51 

22 

34 

1.05 

.86 

29          21 

8 

1.52 

27.7 

26.1 

Moisture  content  at  theoretical  maximum  determined  from  computing  total  pore  space.    Saturation  value  was  not  determined  for  this  depth. 


Table  8.    Tennessee  soil  se 


site  descriptions  and  soil  properties 


Soil 
series 


ber         and  county 


Jackson, 
Madison 


Topo- 
Vegetation      graphic 


Depths 
sam-     Tex- 


Mechanical 
analysis  by 


Organic 
matter      Liq 


Plasticity  con- 
stants by  weight 
percent 


Bulk 


Plas-    Plas-    density 


Soil  moisture  by 
weight,  percent 
.06  At- 


and  land        position        pled      ture     weight,  percent   by  weight     uid 


tic 


ticity     grams        Satu-      mosphere 


nd  slope    inches     class    Sand   Silt    Clay     percent      limit    limit    index    per  cc,      ration        tension 


Legumes  - 
grasses , 


Terrace 
3  per- 

cultivated         cent 

previously , 

now  in  hay 


0-6 

6-12 

12-18 


SiL 
SiL 
SiCL 


72 
71 
69 


M 
26 


0.86 
.18 
.2  5 


1.51 
1.60 


25.7 
25.4 


22.6 
23.4 


242      Brownsville, 
Haywood 


Grasses- 
weeds, 
undisturbed 


Upland 
6  per- 
cent 


0-6 
6-12 
12-18 


SiL  2        80 

SiCL       2        68 
SiCL       1        71 


18 
30 
28 


2.23 
.38 
.32 


1.36 
1.48 


34.4 
29.4 


30.2 
26.3 


Independence      239     Jackson, 
Madison 


Lexington  237     Selmer, 

McNairy 


Grasses,  Terrace 

moderately     20  per- 
g  razed  cent 

Hardwood,       Upland 
undisturbed     3  per- 
cent 


0-6 
6-12 
12-18 

0-6 

6-12 

12-18 


SL         60        34  6 

SL         68        26  6 

SL  75        19  6 


SiL 
SiL 
SiCL 


65 
63 
57 


1.88 
.70  Non-plastic 

.62 


.86  28  19  9 

.38 


1.49 
1.63 


1.34 
1.50 


26.8 
21.5 


32.5 
28.2 


17.6 
13.2 


26.0 
23.8 


Lintonia  240     Jackson, 

Madison 


Legumes  - 
grasses , 
cultivated 
previously, 
now  in  hay 


3  per  - 


0-6 

6-12 

12-18 


SiL  31  55 
SiCL  13  55 
SiCL       8        60 


14  1.05  1.64  21.9 

32  .38  29  17  12  1.72  19.3 

32  .46 


Memphis  244     Moscow, 

Fayette 


236     Selmer, 
McNairy 


Waverly 


Waverly 


238     Jackson, 

Madison 


243      Brownsville, 
Haywood 


245     Moscow, 
Fayette 


Hardwood, 

Upland 

0-6 

SiL 

4 

77 

19 

1.45 

1.38 

32.1 

27.6 

undisturbed 

6  per- 
cent 

6-12 
12-18 

SiCL 
SiCL 

2 
1 

66 
65 

32 
34 

.55 
.38 

34 

21 

13 

1.37 

35.0 

28.1 

Grasses, 

Terrace 

0-6 

SiL 

25 

65 

10 

.62 

1.50 

27.8 

25.5 

moderately 

level 

6-12 

SiL 

27 

57 

16 

.78 

27 

19 

8 

1.57 

25.6 

23.5 

grazed 

12-18 

SiL 

26 

52 

22 

.38 

Grasses, 

Bottom 

0-6 

SiL 

12 

64 

24 

1.88 

1.34 

35.6 

30.1 

moderately 

level 

6-12 

SiCL 

16 

56 

28 

.78 

34 

22 

12 

1.44 

31.3 

28.0 

grazed 

12-18 

CL 

24 

48 

28 

.55 

Grasses- 

Bottom 

0-6 

SiL 

4 

82 

14 

1.33 

1.44 

31.0 

28.0 

weeds  , 

level 

6-12 

SiL 

3 

77 

20 

.78 

28 

23 

5 

1.49 

30.2 

26.4 

undisturbed 

12-18 

SiCL 

3 

66 

31 

.55 

Grasses, 

Bottom 

0-6 

SiL 

2 

80 

18 

1.65 

1.27 

39.9 

35.6 

hay 

level 

6-12 
12-18 

Sil. 
SiL 

1 
2 

83 
82 

16 
16 

.55 
.55 

29 

25 

4 

1.47 

30.2 

27.8 
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INFLUENCE  OF  SOIL  AND  TOPOGRAPHY 
ON  WILLOW  OAK  SITES 

William  R.    Beaufaitl^ 
Southern  Forest  Experiment  Station 


Southern  foresters  and  forest  landowners  are  often  faced  with 
the  necessity  of  estimating  the  productive  capacity  of  their  hardwood 
sites.  The  Southern  Forest  Experiment  Station  is  developing  techniques 
for  using  soil  and  topographic  characteristics  to  predict  site  index  (aver- 
age height  of  dominants  at  age  50  years)  for  many  commercially  im- 
portant southern  hardwood  species. 

The  results  of  field  and  laboratory  work  have  provided  a  guide 
for  the  evaluation  of  site  quality  of  willow  oak  (Quercus  phellos  L.  )  on 
areas  supporting  very  young  or  abused  stands  or  where  this  species  is 
completely  absent. 

Willow  oak  was  studied  first  in  the  series  because  its  natural 
occurrence  on  a  variety  of  sites  permitted  tests  of  a  wide  range  of  soil 
variables.  Some  of  the  many  closely  interrelated  and  reliable  measures 
of  site  quality  were  water-holding  capacity,  soil  reaction,  proportion  of 
particles  by  size  class,    and  topographic  relationships, 

Willow  oak  is  shown  to  be  related  in  its  growth  habit  to  stand 
density,  topographic  position,  and  percent  of  clay  in  Mississippi  Delta 
soils.  In  other  river  and  stream  bottoms  of  the  South,  the  amount  of 
available  potassium,  instead  of  percent  of  clay,  is  used  to  predict  site 
index.  These  criteria  were  chosen  because  of  their  ready  application  by 
practicing  foresters. 


1/  Stationed  at  the  Delta  Research  Center,  Stoneville,  Mississippi. 
The  Delta  Research  Center  is  maintained  in  cooperation  with  the  Missis- 
sippi Agricultural  Experiment  Station  and  the  Southern  Hardwood  Forest 
Research  Group, 

The  cooperation  of  industry  members  of  the  Southern  Hardwood 
Forest.  Research  Group  and  the  Southern  Hardwood  Forestry  Group  in 
the  field  location  of  willow  oak  stands  for  this  study  is  gratefully  ac- 
knowledged. Credit  is  due  also  to  the  Soil  Testing  Service  of  Missis- 
sippi  State  College  for  chemical    characterizations  of   all    soil   profiles. 


Work  is  in  progress  on  the  site  requirements  of   other  commer- 
cially important   hardwoods.      Ultimately,    comparative    indices    will   be 
available  on  any  one  site  for  many  indigenous   species. 


METHODOLOGY 

Eighty-three  willow  oak  stands  were  sampled- -50  on  sites  in  the 
Mississippi   River    Delta  and  33  in  the    bottomlands  of   other  streams    in 
the  Southern  Coastal  Plain  (fig.   1).     Delta  locations  range     from  northern 
Tennessee  to  south  of   Natchez,    Mississippi,    on  both  sides  of   the    river, 
but  east  of  Crowley's  Ridge  in  Arkansas.     Non-Delta  installations  extend 
from  the     Neches    River  of  eastern  Texas  to  the  Tombigbee  and  Alabama 
River  system  and  include  five  in  the  ancient   Mississippi  floodplain   west 
of  Crowley's  Ridge. 


There  were  a  total  of  183 
willow  oak  sample  trees.    Criteria 
for  the  choice  of  a  sample  was: 

1.  --It  must  be  a  dominant  or 
upper   co-dominant  of  a  30-  to  60- 
year-old  group. 

2.  --It  must  be  of  single- 
stemmed,    non-bushy  habit  and, 
upon  increment  core  examination, 
not  show  evidence  of  past  sup- 
pression (fig.    2). 


Figure   1.  --Willow  oak  site  plots 
are  distributed  in  many  alluvial 
bottoms  of  the  South  as  well  as  in 
the  Delta  or  Lower  Mississippi 
River  Valley. 


3.  --It  must  be  surrounded  by 
neighbors  so  that  the  adjacent 
area  is  reasonably  well- stocked. 
(Trees  that  had  not  had  competition 
and  thus  could  not  be  classified  as 
group- dominants  were  not  chosen 

for  samples.      Basal  areas  of  the  sampled  stands  ranged  from  70  to  140 

square  feet  per  acre. ) 


Sample  trees,    of  which  there  averaged  more  than  two  per  plot, 
were  bored  for  total  age  at  4-1/2  feet  above  the  ground  and  accurately 
measured  for  total  height  with  an  Abney  level.      Many  were  felled  to 
facilitate  ring  count,    to  check  height  measurements,    and  to  provide 
height-growth  data. 


Analysis  of  over    100 
willow  oak  seedlings  on  varying 
sites  provided  data  for  adjust- 
ing age  at  breast  height  to  total 
age.      Two  years  were  added  to 
the  breast-height  ring  count. 

Complete  stand  and  log- 
quality  data  were   recorded  on 
a  1/5-acre  plot  surrounding  the 
sample  tree.      Perennial  ground 
cover  was  listed  in  order  of 
occurrence  for  its  possible  in- 
dicator plant  value. 

Topographic  features 
were  recorded  and  soil  samples 
taken.     A  composite  soil  sam- 
ple was  collected  for  each 
depth,    as  described  below,  from 
two  or  more   5-inch  auger  holes 
on  the  plot.      During  very  dry 
weather,    the  heavy  alluvial 
clays  were  so  hard  as  to  pre- 
clude augering.     Soil  pits  were 
then  required.      The  prevalent 
sites  with  azonal  profiles  were 
sampled  at  the  arbitrary  depths 
of  0-6  inches,    12-18  inches,   24- 

30  inches,    and  36-42  inches.      A  1-inch  auger  was  used  to  sample  further 
to  about  7  feet.      In  the  few  instances  where  a  horizon  or  layer-like  differ- 
entiation occurred,    soil  was  taken  from  each  layer. 


Figure     2.  --Radial    growth    pattern 
typical  of  willow  oaks  sampled  in  this 
study.     Any  evidence  of  past  suppres- 
sion disqualified  a  tree.     Note  the  ef- 
fect   of   the    last   four    years'    drouth. 


Physical  properties  and  some  chemical  properties  of  the  soils 
were  analyzed  in  the  laboratory  of  the  Delta  Experiment  Station,    Stone  - 
ville,    Mississippi.      The  Soil  Testing  Service  of  Mississippi  State 
College  ran  a  chemical  characterization  of  all  profiles- -the  same  charac- 
terization as  that  made  for  farm  operators.      Percentage  of  organic 
matter  and  pounds  of  P^Oc    equivalent  per  acre  were  determined  color- 
imetrically  with  a  flame  photometer.      Pounds  of  exchangeable  potassium 
per  acre  was  determined  turbidimetrically  by  precipitating  the  potassium 
as   sodium  potassium  cobalti-nitrite. 

Soil  pH  was  measured  with  a  glass  electrode  both  in  the  field 
and   in   the    Stoneville    laboratory.      Since    no   important    differences    were 
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observed  as  the  result  of  processing,    the  field  technique  was   discontinued 
early    in    the    study. 

All   soil  samples  were  air-dried  and  ground  or  rolled  to  pass  a    2 
mm.    sieve.    Mechanical  analysis  by  the  hydrometer  method,  moisture  and 
xylene    equivalent   through  centrifugation,    and  p.  p.m.    of   ferric    and   total 
iron  determined  colorimetrically  completed  the  important  laboratory  tests. 

RESULTS 

Data  from  both  Delta  and  non-Delta  sample  plots  indicate  the  im- 
portance of  bottomland  topography  to  tree  growth.    Small  variations  in  re- 
lief on  Mississippi  River  alluvium  make  for  large  differences  in  site  index. 
It  is  apparent  that  poor  surface  drainage  has  a  deleterious  effect  on  willow 
oak  sites.     Extended  periods  of  inundation  can  cause  harmful  concentration 
of  soil  elements  as  well  as  reduced  activity  of  essential  soil  fauna. 


Figure   3.  -Willow  oak  on  good  (left)  and  poor   sites.     Merchantable  height 
and  log  quality  decrease  as  total  height  at  a  given  age  diminishes. 


Many  of  the    soils    variables    tested  showed  high   correlation   with 
the  total  height  of  dominant  willow  oak  adjusted  to  50  years  of  age.  In  the 
search  for  methods  which  could  be  readily    adapted   to  use  by   practicing 
foresters,    some  complex  soils  determinations  were  dropped  despite  their 
significant    relationship  to  site  index.      The  same  applies  to  variables    in 
the  less  accessible  subsoils  (table   5,    p.     11). 

The  relative  amounts  of  clay  and  available  potassium  were  chosen 
from  many    reliable    indicators  for    two  reasons:     first,    they   are  part    of 
the  regular  schedule  of  soil  testing  provided  by  various  State  agencies  and, 
second,    both  may  be    determined  with  inexpensive   soil  testing  equipment 
and  simple  procedures.      Clay  percentage  is  used  as  the  key  soil  variable 
in   the    Delta   and   available    potassium    in    other    southern   river    bottoms. 


A  multiple  regression   of   the    form  y  =  bo  +  bi  +  b2  x^.  .  .  bn  xn 
was  fitted  where    y    equals  total  height  adjusted  for  age  and  the    x's    are 
transformed  soil  and  topographic    variables  and   their    cross-products. 
Height  at  age  50    was    calculated  through  a  separate  linear  regression 
which  yielded  an  adjustment  of  0.85  feet  per  year.     Variation  in  observed 
ages  was  limited  by  choosing  sample  trees  between  30  and  60  years.  Most 
age  adjustments  were  for  less  than  10  years. 


There  are  two  final  re- 
gression equations   corresponding 
to  the  two  parts  of  figure  4.    Im- 
portant multipliers  and  coef- 
ficients for  each  are  presented  in 
table  4,    p.    10.     Other  regressions 
tested  are  to  be  found  in  table    6, 
p.     12. 
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Surface  grade  of  butt  logs 
on  all  sample  trees   regardless  of 
size  was   recorded  according  to 
the  Interim  Sawlog    Grades    for 
Southern  Hardwood^'.    Plots  were 
classified  according  to  the  aver- 
age grade  of  the   sample  trees.  Re- 
sults of  this  analysis  indicate    a 
significant  gain  in  log  quality  with 
site    index  increase.      With  butt 
logs  classified  as   1,    2,    3, and  4 
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Figure  4.  --Average  height    of  domi- 
nant willow  oak,    age  50,    at  a  basal 
area    of    110    square   feet   per  acre. 


2/  Lockard,  C.  R.  ,  and  Carpenter,  R.  D.  Interim  sawlog  grades  for 
southern  hardwoods.  U.  S.  Forest  Serv.  Southern  Forest  Expt.  Sta.  , 
9  pp.  ,    illus.    Rev.    1948. 
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Table   1.  --Unadjusted  sample  plot  averages  according 


to  site  quality 

Field  measurements 

Site 
quality 

Grade 

D.  b.  h. 

Basal  area 
per  acre 

Total 
age 

Inches 

Square  feet 

Years 

60-74 

3.  8 

13 

90 

51 

75-84 

3.  2 

15 

104 

46 

85-94 

2.  4 

17 

114 

44 

95  + 

1.  8 

21 

136 

45 

in    order    of   descending    quality, 
the  averages  for  each  site-quality 
group   are  recorded   in   table    1. 

The  occurrence  of  possi- 
ble indicator  plants  is  so  varied 
as    to    require    much    more     de- 
tailed study.     So  far,     the    data 
refute  the  commonly  advanced 
hypothesis  that  palmetto  is    as- 
sociated with  poor  sites.      Pal- 
metto was  found  on  the  best   as 
well  as  the  poorest  sites. 


APPLICATION 

Topographic  position  must  be  established  on  alluvial  sites  of  un- 
known quality.      Since  many  foresters  managing  southern  hardwoods  are 
already  familiar  with  the  classifications  outlined  by  Putnam_' ,    these 
further  refined  definitions  will  be  applied: 

High  ridge  or  front:     The  highest  land  found  in  alluvial  bottoms. 
These  are  the  banks  of  former  channels  or  presently  active 
main  watercourses  where  seasonal  overflows  have  de- 
posited most  of  the  larger  sediment  particles.      Built  up 
as  natural  levees,    they  are  rarely  inundated.     Surface  drain- 
age is   superior  to  that  in  other  topographic  classes. 

Low  ridge:     Topographic  map  inspection  is  often  necessary  to 
distinguish  these  from  high  ridges.      Only  a  few  feet  lower 
than  the  preceding  class,    they  are  more  numerous,    formed 
as  banks  of  older,    smaller,    sluggish,    or  less  permanent 
watercourses.     Also  included  here  are  sites  located  on  the 
gently  sloping   sides  of  the  high  ridges. 


High  and  low  flats:     "Flat"  well  describes  the  broad  area  be- 
tween ridges.     It  is  easily  recognized  by  its  poor  surface 
drainage  and  wide  dimensions.     It  tends  to  have  a  higher 
proportion  of  clay  in  its  make-up.      The  difference  between 


3/  Putnam,  J.  A.     Management  of  bottomland  hardwoods.     U.S.  Forest 
Serv.    Southern  Forest  Expt.    Sta.    Occas.    Paper  116,    60  pp.      1951. 


high  and  low  flats  is  one  of  degree.     A  logical  line  of   de- 
marcation  may  be    drawn  by   the    rate  of   drainage    after 
flooding  or  heavy  rainfall.      Those  flats    which  are  free    of 
water  within  a  few  days  after  the  river  or  stream  is  again 
between  banks,    or  after  the  heaviest  seasonal  rains,    may 
be    classified  as  high.      Low   flats    often   retain  a    cover   of 
water    for    several    weeks    longer    or    even   into    the    early 
growing    season. 

Since  elevation  changes  are  difficult  to  discern,  there  is  no  sub- 
stitute for  previous  experience  in  the  bottomland  to  be  classified.  Aerial 
photos,  water  lines  on  trees,  and  the  condition  of  the  forest  floor  will 
provide  an  adequate  basis  for  ascertaining  the  topographic  class  of  an 
alluvial  site.  Figure  5  illustrates  site  differentiation  during  a  period  of 
receding  high  water. 

It  is  then  necessary  to  obtain  a  representative  sample  of  the  soil 
from  the  unknown  site.   Two  to  four  auger  holes  per  acre  will  provide  an 
adequate  sample  in  homogenous  alluvial  soils.     Elevation  change  dictates 
additional  soil  samples  with  a  separate  site  estimate.    Occasionally,  dry, 
heavy  clays  cannot  be  augered.    Then  pits  must  be  dug  to  the  appropriate 
depth.      The    several  samples   from  a  particular    site    are    mixed  together 
or    composited.      Most  soil  testing    services    require  about  a  quart   of  the 
composited  soil. 

Those  interested  in  willow  oak  site  index  in  the  Delta  will  sample 
for  clay  12  to  18  inches    below   the    soil  surface.      The  percent  clay  in  the 
sample    may   be    determined   in   the    office    by    use    of   hydrometers    and 
cylinders    which   may   be  purchased  from  scientific    supply   houses.     All 
determinations    should   be    duplicated  to   avoid   errors    in   procedure. 


When  topographic    class 
and  percent  clay  have  been   de- 
termined,   the  site  index  is  read 
from  table  2.     None  of  the    soils 
samples  in  the  study  contained 
more  than  45  percent  sand  and 
table  2  should  not  be  applied 
where  a  higher  proportion   of 
sand  is  encountered. 

Site  indices  for  bottom- 
lands outside  the  Delta  are  es- 
timated by  use  of  the  topographic 


Table  2.  --Average  total  height  of  dominant  willow  oak 
at  age  50  years  on  Delta  sites 


Clay  in   12-  18 

Topographic  class 

inch  layer 
(  p  e  r  c  e  nt ) 

High  ridge  1       Low 
or  front          ridge 

High 
flat 

Low 
flat 

10 

20 

40 

50 

60 
70 
80 
90 


104 

102 

101 

99 

98 

96 
95 
93 

42 


Feet 


47 

4  0 

95 

89 

94 

87 

92 

8  b 

91 

84 

89 

82 

88 

81 

86 

79 

84 

78 

83 
82 
80 

79 

77 

76 

74 
72 
71 
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classification   and   a   measure    of 
the  pounds  of  available  potassium 
per    acre.     Samples  for    this    de- 
termination  may  be    taken  in   the 
top  6  inches  of  the  soil.     A  com- 
posite sample  from  several  points 
is    again   required.      Before    the 
samples    are    taken,     the    litter 
should  be    scraped    off   down    to 
mineral     soil.       The     potassium 
determination   may   be    made    by 
the    appropriate    State    agri- 
cultural   agency   or    with   a   field 
kit   like    those    made    for    testing 
agricultural  land.     Site  index  for 
non-Delta  locations  may  be  read 
from  table  3. 


Table   3.  --Average  total  height  of  dominant  willow  oak 
at  age   50  years  on  non-Delta  sites 


Available  K  per 

Topographic  class 

acre  in  0-  6  inch 
layer  (lbs.  ) 

High  ridge 
or  front 

Low 
ridge 

High 
flat 

Low 
flat 

50 

•4  1 

88 

85 

83 

100 

95 

92 

89 

K7 

150 

93 

'Ml 

KK 

85 

200 

■)o 

87 

84 

82 

250 

86 

Hi 

80 

78 

300 

82 

79 

76 

74 

350 

78 

75 

7J 

69 

400 

73 

70 

68 

65 

450 

69 

66 

63 

60 

500 

64 

61 

59 

56 

Because  of  its  independence  from  other  stand  variables,    total 
height  of  dominants  has  usually  been  considered  as  the  best  measure  of 
site  quality.     However,    because  willow  oak  tends  to  be  bushy  when  open 
grown,    its  height  will  vary  with  the  density  of  the  stand.      Therefore, 
tables  2  and  3  have  been  adjusted  to  a  standard  basal  area  of  110  square 
feet  per  acre  of  all  trees  6  inches  d.  b.  h.    and  larger. 

Prior  agricultural  improvements  may  have  unbalanced  the  chem- 
ical relationships  in  abandoned  fields.      The  growth  potential  of  newly 
established  forest  stands  on  such  sites  may  best  be  measured  by  test 
plantings. 


APPENDIX 


Table  4.  --Willow  oak  site-index  regression  data 


Mississippi  River  Delta  sites:     relationship  of 
basal  area,    topography,    and  clay  to  site  index 


Non- Delta  sites:     relationship  of  basal  area,    topography, 
and  available  potassium  to  site  index 


Y  =  bo  +  bj  xi   +  b2  x2  +  b3  X3 

Mean  squared  residual  =  42.  61 

Degrees  of  freedom  =  46 

Mean  Y  =  mean  height  of  willow  oak  at  age   50  years  =  87.  8£ 

Mean  xj  =  mean  basal  area  of  surrounding  1/5-acre  plot 
(trees  with  d.  b.  h.  larger  than  5.  95  inches)  = 
22.  40  sq.    ft. 

Mean  x£  =  mean  topographic  value  {high  ridge  =   10,    low 

ridge  =  20,    high  flat  =  30,    low  flat  =  40)  =  ZZ.  20 

Mean  x^  =  mean  percent  clay  in  zone   12-18  inches  below 
ground  surface  =  61.  14  percent 

Coefficient  of  multiple  correlation  -  0.  787j_' 


0- 

= 

+ 

99. 600086 

1-2 

= 

-0. 689285 

1 

= 

+ 

0.  577163 

b3 

= 

-0.  152869 

00^ 

= 

+ 

. 73177698 

c21 

= 

-  .00006581 

10 

= 

- 

.01543866 

c31 

= 

+  . 00006236 

20 

= 

- 

. 00300104 

c22 

= 

+  . 00027246 

30 

= 

- 

. 00489578 

c32 

= 

-  . 00002573 

1  1 

= 

+ 

. 00058425 

c  j  J 

= 

+  . 00006657 

Y  =  bo  +  bj  xj   +  b2  *2  +b4  x4  +  b5  x5 

Mean  squared  residual  =  57.72 

Degrees  of  freedom  =  28 

Multiple  correlation  coefficient  =      0.  11Z]_I 

Mean  Y  =  88.  67 

Mean  xj  =  mean  basal  area  of  surrounding  1/5-acre  plot 
(trees  with  d.  b.  h.  larger  than  5.  95  inches)  = 
23.  76  sq.    ft. 

Mean  x^  =  mean  topographic  value  (high  ridge  =   10,    low  ridge 
=  20,    high  flat  =  30,    low  flat  =  40)  =  26.  67 

Mean  x^  =  mean  pounds  per  acre  of  exchangeable  potassium 

in  layer  0-6  inches  below  soil  surface  =  151.  58  lbs. 


b0i'    = 


-oo- 

-10 
=  20 
:30 
"40 


3/ 


=   10,  000  mean  reciprocal  of  x4  =  82.  33 
+    95.076060  b4      =      -0.094119 

=     +      0.944032  b5      =      -0.086539 

=    -      0.  279228 

=    +   1.  18709082        cn   =  +  .  00092319        c23 


01866917 


.00000873        c- 


00001523 


00001517 


.  00474104        c31   =  +  .  00000136        cJ3  =  +  .  00001229 


-      .00247576 


41 


.  00003931 


"34 


+  . 00001198 


00256957        c22  =+• 00031 895        c44  =+. 00002541 


1/     Significant  to  the   1 -percent  level. 

2/     Subscripts  are  those  of  variable  subscripts  in  term. 

3/     Subscripts  denote  order  of  single  or  joint  term  appearance 


in  regression,    not  variable  subscripts  in  term. 
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Table  5.  --Variables  used  in  final  regression  analysis^.' 

Variables  employed  in  Table  4 

Y        =  average  total  heights  of  dominants  adjusted  to  50  years  of 
age  (in  feet) 

xi       =  basal  area  of  all  trees  6  inches  and  larger  on  1/5-acre  plot 
(in  square  feet) 

xt      =  topographic  class  coded  as  follows: 

10- -high  ridge  or  front  20--low  ridge 

30--highflat  40--lowflat 

X3      =percent  clay  in  12-18  inch  depth 

X4      =  pounds  per  acre  exchangeable  potassium  in  0-6  inch  depth 

X5      =  _J_     (10,  000) 

x4 

Other  independent  variables  tested 

x/       s    percent  clay  in  24-30  inch  depth 

X7       =   percent  clay  in  36-42  inch  depth 

xg      =    imbibitional  water  value  in  12-18  inch  depth 

xn      =    imbibitional  water  value  in  24-30  inch  depth 

xjq    =    imbibitional  water  value  in  36-42  inch  depth 

xll    =    Pounds  per  acre  available  equivalent  P2O5  in  0-6  inch  depth 

x12    ~  pounds    per  acre  available  equivalent  P2O5  in  24-30  inch  depth 

x13    =    percent  sand  in  0-6  inch  depth 

x14    =   Percent  sand  in  24-30  inch  depth 

xj5    =    pH  of  12-18  inch  depth 

xj^   =   pH  of  36-42  inch  depth 

xj7    =    log  of  p.  p.  m.    of  ferric  iron  in  24-30  inch  depth 

xi  g    =    log  of  p.  p.  m.    of  total  iron  in  24-30  inch  depth 

Xin    =  difference  between  elevation  of  plot  and  1947  1.  w.  p.    at  outlet 
(each  watershed  handled  separately) 

x20    =    distance  to  watershed  outlet 

X£j    =    number  of  trees  6  inches  and  larger  on  1/5-acre  plot 

X££    =   pounds  per  acre  exchangeable  potassium  in  12-18  inch  depth 

1/     Adjusted  site  index  was  plotted  over  each  independent  variable  prior  to 
analysis.     Inspection  eliminated  many  obviously  non- significant  variables. 
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Table   6.  --Regressions  that  were  inferior  to  the  final  form   or  not  a; 
suitable  for  practical  application 

Y  =    f  (K,    xi,    X19,    xio,    Mo2) 

Y  =    f  (K,    Xj,    x2,    X3,    X32,    X33,     l/x3,    x2x3) 

Y  =   f  (K,    xj,    x2,    x4,    x22,    I/X4) 

Y  =    f  (K,    x1?,    xlg,    x1?  x18,    x10,    x22,    xl6-x15) 

Y  =    f  (K,    x20,    x19,    x20x19,    xl6-x15,    x1Q) 

Y  -    f  (K,    xj,    x2,    xg,    x22) 

Y  =    f  (K,    x1Q,    xl6-x15,    x19x16-x15) 

Y  =    f  (K,    x3,    x32,    xl6-x15,    xl6) 

Y  =    f  (K,    x3,    xg,   xl6-x15,    xlg,    x7,    x1Q) 
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Foreword 

The  purpose  of  this  paper  is  to  define  the  aims  and  tasks  of  re- 
search directed  at  improving  the  wildlife  habitat  on  forest  lands  of  the 
South.  The  research  needs  were  determined  by  a  review  of  literature 
pertaining  to  wildlife  and  its  habitat,  especially  in  the  South,  and  by  dis- 
cussions with  wildlife  technicians, forester s, faculty  members  of  schools 
having  wildlife  in  their  curricula,    and  sportsmen. 

The  review  and  the  discussions  emphasized  the  primary  need  for 
a  better  knowledge  of  the  habitat.  Information  is  particularly  lacking  on 
the  effects  of  silvicultural  practice,  season,  soil  differences,  and  animal 
use  on  the  volume  and  quality  of  food  plants  within  the  major  forest  types. 
Repeated  stress  was  placed  on  the  need  for  silvicultural  modifications 
that  would  benefit  wildlife,  and  also  on  the  desirability  for  wildlife  man- 
agement techniques  that  would  be  compatible  with  silvicultural  require- 
ments. Timber  harvesting  methods, timber  stand  improvement  practices, 
and  the  use  of  special  measures  to  provide  wildlife  food  and  shelter  are 
the  phases  of  integration  of  wildlife  and  timber  management  that  were 
considered  to  be  of  greatest  importance. 

Following  the  problems  of  habitat  analysis  and  of  integration  of 
wildlife  with  timber  management  are  others  which  may  be  very  important 
in  some  areas  and  of  less  consequence  elsewhere.  These  are  competition 
between  various  species  of  wildlife,  and  between  wildlife  and  domestic 
livestock.  There  are  also  problems  of  forest  lakes  and  streams  as  well 
as  those  special  problems  of  food  and  cover  pertaining  to  a  single  species. 

The  most  important  forest  game  species  in  the  South  are  deer, 
squirrels,  and  turkey.  However,  raccoons,  foxes,  opossums,  and  the 
European  wild  boar  are  also  important  in  some  localities.  Quail,  doves, 
wood  ducks,  grouse,  and  many  other  game  birds  use  the  forest  lands 
also.  Besides  these  game  animals  and  birds  of  interest  and  value  to 
hunters,  there  are  others  such  as  song  birds,  hawks,  flying  squir- 
rels,and  armadillos  which, although  not  bagged  or  trapped, make  a  valu- 
able contribution  as  a  part  of  the  community  of  living  things  within  the 
forest.      Some  of  the  problems  relating  to  these  are  briefly  listed. 

This  paper  does  not  attempt  to  specify  studies  to  fit  local  con- 
ditions. Rather,  a  brief  presentation  is  made  of  some  past  and  present 
work  pertaining  to  the  broad  problems.  There  is  some  discussion  of  the 
problems  as  they  affect  the  wildlife  habitat,  and  recommended  lines  of 
inquiry  are   summarized. 
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WILDLIFE  HABITAT  RESEARCH 
NEEDS  IN  SOUTHERN  FORESTS 

Hubeit  D.    Burke 
Southern  Forest  Experiment  Station 


THE  NEED  FOR  FOREST  WILDLIFE  HABITAT 
RESEARCH  IN  THE  SOUTH 

The  forests  of  the  South_'  contribute  a  major  share  of  the  raw 
materials  that  form  the  basis  for  the  region's  industrial  growth  and 
prosperity.  Forests  also  protect  the  watersheds,  are  an  integral  part 
of  the  scenic  beauty,  and  provide  the  habitat  for  an  abundance  and  va- 
riety of  wildlife. 

All  of  the  181  million  acres  of  forest  land  in  the  South  support 
some  form  of  wildlife.  Game  has  increased  and  is  continuing  to  in- 
crease rapidly  in  numbers  (113)_w  .  Since  only  about  17  million  acres 
of  the  forest  land  are  in  State  or  Federal  ownership,  this  game  will 
occupy  more  and  more  private  forest  land.  More  than  90  million  acres 
of  the  private  forest  are  on  farms.  The  farm  forests  are  very  im- 
portant for  squirrels  and  other  small  game,  but  they  are  often  too 
small  or  too  close  to  human  habitation  to  attract  larger  game.  The  bulk 
of  the  increase,  particularly  of  deer  and  wild  turkeys,  will  therefore 
be  found  on  larger  tracts  of  private  forest- -the  lands  of  greatest  value 
for  commercial  forest  production  and  the  most  likely  to  be  under  in- 
tensive timber  management. 

With  the  forest  coming  under  increasingly  intensive  manage- 
ment, the  cost  of  every  process  of  timber  production  is  carefully 
watched_'.  Costs  and  returns  of  wildlife  production  will  also  have  to 
be  accounted  for.  Or  if  returns  cannot  be  accounted  for  accurately,  it 
should  at  least  be  possible  to  establish  the  cost  of  the  timber-manage- 
ment alternatives  that  create  conditions  favorable  to  game. 


1/     The     area     considered    includes     Arkansas,     Louisiana,    Tennessee, 

Mississippi,      Alabama,      North    Carolina,      South    Carolina,     Georgia, 

Florida,    eastern  Oklahoma,    and  eastern  Texas. 

2/     Underscored    numbers    in   parentheses    refer    to     Literature     Cited, 

p.    48. 

3/     Includes   sawtimber,    pulpwood,    and  other  products,, 


Modern    business     methods     demand    precise     and    quantitative 
measures  of   the  habitat  and  of  the  results  of  management  on  costs    and 
return.      Costello  (55)   says,    "A  sound  method  of  judging  the    range 
Jhabitatj    must  have  an  ecological  basis.      It  must  recognize  the  structur- 
al characteristics  of  plant  communities,    characteristics  which  are  sus- 
ceptible to  measurement  as  well  as  qualitative  description.      It  must 
recognize  the  dynamics  of  vegetation  and  therefore  range  trend,    which 
can  be  measured  in  terms  of  change  in  structure  and  yield  over    varying 
periods  of  time.      It  must  recognize  the  physical  environment  which  in- 
cludes climatic,    edaphic,    pyric,    and  biotic  factors  including  animals  and 
man;  and  it  must  recognize  practical   use  of  the  multiple  products  of  the 
land  on  a  sustained  yield  economy,  " 

The  need  for  accurate,    quantitative,    businesslike  methods  of 
coordinating  wildlife  with  timber  management  has  arisen  because  in- 
creased human  population,    industrialization,    greater  income,    and  more 
leisure  have  greatly  intensified  the   demand  for  recreation  and  hunting. 
The  public  wants  more  wildlife  and  it  reserves   the  right  to  regulate,    or 
fail  to  regulate,    wildlife  numbers.      As  game  is  public  property,    even 
though  produced  on  private  land,    there  is  bound  to  be   some  conflict  of 
interest  between  the  landowners  and  the  hunters. 

To  prevent  an  impasse  in  one  instance,    Kitchens   (126),    repre- 
senting the  Louisiana  Forestry  Association,    suggested  that  Louisiana 
timber  and  game  interests  get  together  and  work  out  mutually  acceptable 
solutions.      The  Forestry  Association  made  a  survey  of  its  membership, 
which  represents  the  greater  portion  of  the   commercial  forest  operations 
in  the  State.      Out  of  52  forest  landowners  making  returns,    two  were  very 
interested  in  developing  wildlife  habitat  on  their  own  lands,    45  expressed 
some  degree  of  active  interest,    4  were  not  interested,    and  one    was    op- 
posed^.'.      Thirty  did  not  reply.      The  interest  expressed  by  those  answer- 
ing is  more  than  lip  service,    for   1 8  of  the  companies   reporting  now  have 
wildlife  refuges,    39  are  willing  to  have  refuges,    20  now  make   some 
provision  for  leaving  game  food  trees,    and. 25  would  be  willing  to    give 
game  food  trees  some  consideration.      This  report  might  be  assumed   to 
represent  a  fair  sample  of  the  opinion  of  the  larger  forest  landowners  in 
the  South. 

In  attempting  to  coordinate  the  production  of  wildlife  with  that  of 
timber,    two  questions  face  the   owner  of  forest  lands.      These  are;   (1) 


4/     Sentell,    N.    W.      Unpublished  report  presented  to  a  joint  meeting  of 
the  Louisiana  Forestry  Association  and  the  Louisiana  Wildlife  Federation 
at  Baton  Rouge,    Louisiana,    February  1,     1956. 


What  adjustments  in  timber  growing  practices  are   required  to  improve 
and  maintain  wildlife  habitat?  (2)  What  will  be  the  effect  of  these  adjust- 
ments on  the  costs  and  returns  of  timber  production? 

In  addition, there  is  the  problem  of  competition  by  game  and  live- 
stock for  forest  grazing_/.      Almost  all  of  the  forest  land  on  farms  and 
much  of  the   other  forest  is  grazed  by  livestock.  Game-livestock  compe- 
tition must  be  studied  to  determine  the  amount  of  grazing  that  the  foraged' 
can  tolerate. 

Finally, on  areas  set  aside  primarily  for  game, there  is  the  prob- 
lem of   improving    game  range    through    such  measures  as  artificial    re- 
generation of  important  food  species, establishment  of  food  plots, burning, 
artificial  provisions  for  nesting  or  denning, or  special  methods  of  cutting 
timber. 

Large-scale  trial-and-error  attempts  to  improve  the  forest  habitat 
are  likely  to  be  costly.  Carefully  planned  studies  on  a  small  scale  should 
yield  valuable  results  at  much  more  reasonable  cost.      The    interactions 
between    timber,     livestock,     and    game     call     for     coordinated     study     by 
foresters  and  wildlife  biologists- -by  foresters  on  habitat  phases  and  by 
biologists  on  animal  phases.      For  example,    the   development  of  timber 
stand  improvement  rules  is  a  task  requiring  both  foresters  and      game 
technicians.      Because  game  is  the  property  of  the  States,    State     game 
departments  and  universities  should  assume  the  lead  in  wildlife  research. 


5/     "Grazing"   is  more  often  used  to  describe  plant  use  by  domestic  live^ 
stock.      Biologists   usually    use  the  term  '"browsing"   to    describe    use    by 
deer.      However,    sheep  and  cattle  both  use    browse  in    addition  to    grass. 
Grazing  is  used  in  this  paper  to  indicate  both  "grazing"  and  "browsing.  " 
6/     As    used   in   this    analysis,    forage    means    the    browse,     forbs,     and 
grass   used  by  deer  and  domestic  livestock.      Wildlife  food  or  game  food 
includes  fruits,    nuts,    etc.  ,    as  well  as  forage. 
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ANALYSIS  OF  THE  FOREST  WILDLIFE  HABITAT 

Need  for  Analysis 

Habitat  is  a  composite  of  all  of  the  elements  of  the  landscape   over 
which    an    animal    ranges.      It    consists    of    the    climate,     the    altitude,     the 
topography,    the   soil,    the    water,    the    vegetation,    and   all    the    results    of 
occupation  of  the  land  by  animals  and  man. 

Climate  and  altitude  are  relatively  uniform  over  the  South,  but  to- 
pography must  be  considered  locally  as  it  affects  vegetation  and  its   use. 
Soil  quality  is   reflected  in  the  volume,    composition,    and    nutrient    value 
of  vegetation.     Because  plants  furnish  the  food  and  much  of  the  cover  for 
wildlife,    research  into  the  factors  affecting   survival  and  growth  of  food- 
producing  plants  and  communities  is  the  means  by  which  optimum  wild- 
life habitat  management  methods  may  be  most  quickly  developed. 

Since  vegetation    is   so  important  a  part  of  the  habitat,  management 
methods  must  be  developed  that  will  preserve  the  volume,    quality,    and 
reproductive  ability  of  the  vegetation  through  the  most  critical  part  of  the 
year  as  well  as  through  critical  portions  of  climatic  cycles.      Grange  (103) 
says,   "Over  and  over  again  we  must  come  back  to  the  central  theme  of 
game  management,    namely  that  preservation  of  the  vegetative  habitat  is 
the  first,    basic,    all-important  step  to  be  taken."     Show  (188)  says,    "Food 
of  acceptable  kinds  and  in  adequate  quantity  does  not  always  determine  the 
area  or  the  capacity  of  an  area  for  occupation  by  a  particular  species.      A 
species   requiring   dense  cover  for  escape,  roosting,  and  nesting,  can  make 
no  use  of  a  food  supply  located  in  an  exposed  area  into  which  it  dares  not 
venture.    The  valley  quail's  feeding, for  example,  is  ordinarily  restricted  to 
an  area  within  100  to   150  feet    of  its  escape  and  resting  cover.      The 
cottontail,   except  sometimes  at  night,  ventures  only  a   short  distance  into 
open  areas.    On  the  contrary,   species   depending  on  speed  rather  than 
cover  for  escape  have  large  feeding  areas  available  to  them." 

The  failure  to    have    a    desired    species    of    game     or     the     desired 
numbers   stems  from   some    limiting    factor  of  the  habitat.       Taylor    (201) 
restates  Liebig's  Law  of  the  Minimum  in  relation  to  this  problem:   "The 
growth  and  functioning  of  an  organism  is  dependent  upon  the  amount    of 
the    essential    environmental    factor  presented  to  it  in    minimal    quantity 
during  the    most    critical  season  of  the  year,    or  during  the    most  critical 
year    or    years    of    a    climatic    cycle.  "     In    further     pointing     out     the     im- 
portance of  studies  of  long  enough  duration  to  test  the  critical  conditions 
existing  during  the  extremes  of  climatic  fluctuation,    Taylor   (201)   states; 
"Since  details    of   the    influence    of    extreme    and    intermittent    conditions 
would  often  be  entirely   missed  by    short-period    observations  of  experi- 
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ments,    the  desirability  is  obvious  of  long-time  research  projects.  .  .  . 
Land-use  policies,    range  administration,    forest  conservation,    and  game 
protection  should  be  adjusted  not  to  average  conditions,    but  to  those 
poorer  than  average,    if  not  to  those  that  are  extreme.  " 

Productivity  and  Nutrient  Value 

Understory  vegetation  varies  considerably  among  forest  types. 
Within  each  forest  type  the  structure  of  the  timber  stand  varies  with  site, 
composition,    and  past  management.      Some  stands  may  be  fairly   light  but 
so  evenly  spaced  as  to  shade  out  understory  plants,    while  a  much  heavier 
stand  irregularly  spaced  might  allow  a  substantial  amount  of  forage    to 
exist.      If  wildlife  management  is  to  be  planned  concurrently  with  forest 
management,    the  relation  of  timber-stand  structure.!'    to  wildlife  food 
production  and  quality  must  be  known  and  its  variations  measured  within 
each  of  the  major  forest  types. 

As  the  timber  grows,    light  and  moisture  conditions  on  the    forest 
floor  change  and  the  habitat  may  alter  markedly,    so  that  the  area  is 
occupied  by  a  succession  of  different  animals  suited  to  the  conditions 
present  at  the  time  (103).      This  circumstance  illustrates  the  need  for 
study  of  the  structure  of  the  timber  stand  and  the  results  of  its  variations 
in  terms  of  forage  production.      Only  when  information  on  these  subjects 
has  been  secured  can  game  forage  production  be  properly  fitted  to  the 
general  land  management  plan. 

Read  (17Z),    working  in  the  Ozarks,    found  that  the  amount  of  forage 
under  a  hardwood  stand  decreased  from   600  to   100  pounds  per  acre 
(green  weight)  when  the  overstory  increased  from  50  to  375  trees  per 
acre  (over  three  inches  d.  b.h.  ). 

Gaines,    Campbell,    and  Brasington  (83),    in  a  study  of  forage  pro- 
duction on  longleaf  pine  lands  in  southern  Alabama,    found  that  forage 
varied  from  about  1,  000  pounds  (air-dry)  per  acre  with  no  overstory, 
to  400  or   500  pounds  per  acre  where  the  basal  area  of  trees  was  about 
110  square  feet.     From  this  low  point,    forage  increased  to  a  little  over 
500  pounds  per  acre  at  a  basal  area  of  150  square  feet  per  acre.      This 
was  due  to  the  fact  that  longleaf  pine  stands  open  somewhat  at  maturity, 
allowing  more  light  to  reach  the  forest  floor. 


7/     Timber   stand  structure  is  a  term   used  to  indicate  the  composition, 
height, basal  area, and  distribution  of  trees  over  an  area. 
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Martin,    Dunkeson  and  Baskett  (146),    in  the  Missouri  Ozarks,  found 
that  forage  varied  inversely  with  crown  cover  and  that  forbs  made  up  the 
majority  of  the  forage.      They  also  found  that  "good"  forage  species  in- 
creased most  with  release, 

Campbell  and  Cassady  (45),  working  in  Louisiana  on  pine-bluestem 
ranges,  found  that  green  succulent  forage  is  high  in  crude  protein,  while 
matured,    weathered,    and  dry  forage  is  low. 

Other  qualitative  analyses  of  livestock  and  deer  forage  have    been 
made  and  sufficient  information  is  available  to  evaluate  a  few  of  the  more 
important  plants  and  to  give   some  indication  of  the  effect  of  the  forest 
and  of  grazing  upon  them  (24,    44,    47,    48,    49,    50,    67,    81). 

Campbell  and  Cassady  (47)     found  that  the  herbage  production  was 
higher  under  hardwood  than  under  pine   stands  because  pine  litter  built 
up  much  greater  weight  than  hardwood  litter. 

Einarsen  (77),    in  Oregon,    found  that,    as   the  timber  stand  closed, 
less  nutritious  foods  were  produced. 

Within  all  types  and  range  conditions,  season  exerts  a  strong    in- 
fluence upon  productivity  and  nutrient  value.      Careful  consideration  must 
be  given  to  these   seasonal  variations,    for  as  the  growth  of  forage  decreases 
with  the  passing  of  spring  and  early  summer,    the  nutrient  value    and  palat- 
ability  of  many  of  the  staple  forage  plants  also  decrease.      This  decrease 
is  illustrated  by  the   studies  made  by  Campbell  and  Cassady  (47).      They 
found  that  in  central  Louisiana  crude  protein  in  the  range  cattle  diet 
gradually  decreases  from  a  high  of  about  13  percent  in  April  to  a  low  of 
less  than  five  percent  in  December  and  January. 

On  the  Pisgah  National  Forest  in  North  Carolina,    on  deer  range  that 
had  been  seriously  damaged  by  overstocking,    recovery  was  non-existent 
or  extremely  slow  under  a  closed  canopy  of  trees.      Competition  for   space 
and  light  by  the  timber  overstory  apparently  retarded  establishment  of 
ground  cover  to  such  a  degree  that  a  very  few  deer  prevented  the   repro- 
duction of  any  significant  amount  of  forage  (34). 

Openings  and  edges  are  one  phase  of  timber  stand  structure  which 
have  received  considerable   study.      Game  animals  thrive  best  when 
openings  in  the  forest  are  frequent  and  large  enough  to  allow  for  the 
growth  of  shrubs,    herbs,    and  other  food  plants.      Gysell  (105),    in  beech 
forests  in  Michigan,    observed  that  understory  vegetation  was  absent  in 
many  interior  areas,    that  borders  had  more  species  than  openings,    and 
that  species   on  borders  and  in  openings  were  generally  not  the   same. 


A  group  of  foresters,  wildlife  biologists,  and  range  men,  studying  forage 
conditions  on  the  Ouachita  National  Forest  in  Arkansas  in  1955,  found  that 
in   areas  of   heavy    canopy  cover  many   plots    contained  no   forage    plants. 
Large  openings,  overgrazed  in  previous  years,  were  occupied  by  grasses 
and  weeds  not  relished  by  livestock.  Small  openings  and  the  edges   of  large 
openings    contained    heavy     growths     of     shrubs     and     such    game     food    as 
smilax,    grape,    and  various  herbs. 

Barick  (20),  in  New  York,  observed  that  there  was  an  "edge"  effect 
between  forest    types  and  that   there  was  a  greater    variety    of  understory 
plants  near  the  type  border.    He  also  observed  that  the  understory  plants 
were  different  under  different  forest    types. 

Some  plants  are  important  to  livestock  as  well  as  to  many  species 
of  wildlife.      Others,    not  very  palatable  to  domestic    livestock,    have    es- 
caped  heavy  grazing    and    form    an    important    part     of    the     wildlife    diet. 
Martin,    Zim,    and  Nelson  (147)  list  several  upland    grasses    and  herbs    in 
this    category,    among    them    panic    grass,    bristle    grass,    ragweed,     pas- 
palum,    crabgrass,    and  some  of  the  sedges. 

Mast-producing  plants  are  also  important  to  a  wide  variety  of 
wildlife.  The  chestnut,  once  probably  the  best  common  source  of  wild- 
life food,  has  disappeared  but  some  efforts  to  establish  Chinese  chest- 
nuts have  been  successful,  even  though  this  chestnut  is  very  limited  by- 
its  soil  requirements.  Diller  (70)  describes  a  IZ-acre,  55-year-old, 
plantation  of  Chinese  chestnuts  in  Virginia  which  has  been  highly  success- 
ful and  provides  "the  best   squirrel  hunting  in  the  county.  " 

Since  trees  like  the  Chinese  chestnut  have  little  timber  value  and 
are  limited  by  soil  and  moisture  requirements,  perhaps  their  best  use 
is  as  food  trees  on  other  areas   devoted  primarily  to  wildlife. 

Fruit-producing  plants  are  particularly  valuable  both  to  birds  and 
animals.       Blackberry,     wild    cherry,     grape,     blueberry,      persimmon, 
cedar,    and    hackberry  are  among  the  most  important,    but   little  is  known 
of  their  actual  production  and  contribution  to  carrying  capacity. 

Oaks  have  been  the  most  important  mast  producer  s  since  the  dis- 
appearance of  the   chestnut.   They  are  perhaps  the  only  woody  plants  that 
are  used  by  all  classes  of  wildlife  in  the  southeastern  region  (147).    Van 
Dersal  (210)   sta.tes  that  94  kinds  of  birds  and  92  kinds  of  mammals  use  the 
oak.    Christisen  and  Korschgen  (53)  report  that  the  yield  of  oak  mast  is 
a  determining  factor  in  the   size  of  the   squirrel  crop  of  the  following 
year.    Because  of  the  importance  of  oaks  in  wildlife  management,    some 
of  the  information  about  acorn  production  will  be   summarized. 


Acorn  fall  begins  in  August  or  September  and  lasts   until  December 
or    January.      Individual    trees  not  only    vary    widely  in  production   from 
year  to  year  but  also  in   time  of    acorn   fall.      The    larger,    more    mature 
trees  with  well- developed  crowns    are  the  best    producers    (38,     52,     53, 
57,     58,     72,     74,     100,     123,     152,     153,     164,     210).    Variatio~ns  in~~ mast 
production  have  not  been  accounted  for  by  the   studies  made  thus  far,  and 
there  is   some  likelihood  that  genetic    influence    may    have    a    dominant 
effect  upon  acorn  production. 

Some  of  the  oak  studies  contribute  to  the  knowledge  of  acorn  utili- 
zation.    Kautz  and  Liming  (123),    in  Missouri,  found  but  2  percent  of  the 
acorns  viable  by  March.     Moody  (152),    in  Louisiana,    made  cutting  tests 
covering  three  years,     1950-1952,    and    found   blackjack    oak    to    vary    in 
soundness    from    34  to   49  percent,    bluejack  from    48  to  63  percent,    and 
post  oak  from   24  to   100  percent.      Burns,    Christisen,    and   Nichols    (38), 
in  Missouri,    found    that    less  than    one-half  of    the    mature    acorns    were 
sound  when  collected  during  the  period  of  seedfall  and  that  post  oak  pro- 
duced  few  sound   acorns.      However,    Goodrum  and   Reid    (99)    observed 
that  quail  and  squirrels  eat  weeviled  acorns  for  the  weevils  as  much  as 
for  the  nut  meat.      Kautz  and   Liming    (123)    found    that    insect-infested 
acorns    were    taken   in   preference    to    sound   ones. 

White  oak  in  the  Mis  souri  Ozarks  yielded  as  many  as  5,300  acorns 
per  tree  and   averaged    700  to   1,  100  acorns    per  tree  (38,     152),      Downs 
(72),    in  the  southern   Appalachians,    computed   the    average    in  a    7-year 
study  of   white  oak   mast    crops    to   be    18„  7  pounds    per    acre.     He    later 
found  that  stands  that  have  been  cut  heavily  may  yield  100  to  150  pounds 
of  acorns  per  acre    (173).      Dalke  (58),    in  Missouri,    estimated  the  aver- 
age of  a  two-year    crop    equalled    21   pounds    per  acre,    with    166    acorns 
per    pound.      Burns,    Christisen,    and    Nichols    (38),    in    Missouri,     found 
188    white  oak  acorns  per    pound,    and  on   black  oak  an    average  of   from 
900  to   1,  500  acorns  per  tree.      Christisen  and  Korschgen  (53)  estimated 
that  a    hypothetical    stand  of    20  oaks    per    acre  would    yield    20  pounds  of 
acorns    per    acre.      This    would    be     1    pound   per    tree    on    the    average. 

Southern    red    oak    was    found  to  be  a    low    producer  in   Goodrum's 
study  (100)  in  the  serub-oak  type    on   longleaf   pine    lands  of  east  Texas. 
However,    small    trees    were  all    that    were  available  in    this    study   area. 

Post    oak    averaged    200    acorns    per    tree     on   two    Missouri  sites 
described   as    slightly   below   average    for    oak    (38). 


One  of  the  foremost  needs  in  determining  the  productivity  of  wild- 
life   habitats  is  an  accurate    method  of    sampling  the    production   of   mast- 
bearing  trees.     Gaiser  (84)  has  described  a  method  of  sampling  circular 
plots  which  may  aid  greatly  in  measuring  the  production  of  a  single    tree. 
Even  when  productivity  has  been  determined,  it  is   still  difficult  to  convert 
the  data  into  animal  carrying  capacity;  present    methods    give    only    rough 
approximations.      Yield   figures  may  be   strongly  biased   by  the  procedure 
used  to  select  individual    trees  for   study  and   by  the  method  of  putting  the 
results  on  an  acreage  basis.      Methods  of   measurement  are    needed   not 
only  for  oaks,    but    for    trees   such  as  dogwood,    mulberry,    and    other    im- 
portant  fruit  and  mast-bearing  species. 

The    management   of   game    food    is     so    intimately    tied   to    a    tree 
overstory  that  it    is  also  necessary  to  know  how  palatability,    succulence, 
and   nutrient  content  of    game    food   vary    with    stand    structure    as    well    as 
with  other    factors    (1Z7).       In    the    evaluation    of    forage    a     technique     is 
needed    which    will    permit    the     assignment    of   a     numerical     value    to    the 
balance    of   nutrients    contained    in    a    given    quantity    of   forage    (148). 

In  sum,    the  principal  tasks   of  research  in  respect  to  productivity 
and  nutrient  value  of  game  foods  are  to  provide  techniques  for  measuring 
the  usable  volume,    nutrient  value,    and  seasonal  variation   of  game    food 
in  relation  to  forest  type  and  site  and  to  relate  these  to  game  management 
objectives  and  silvicultural  practices. 

Condition  and  Trend  of  the  Vegetation 

The   study  of  both    livestock  and  big    game    grazing    in    the    United 
States  began  in  the  West,    and  most  of  the  ecological  concepts  and  termi- 
nology have  been  developed  from  western  conditions.    These  terms  and 
concepts  can  be  applied  in  the  South  with  the  necessary  adaptations  which 
must  be  made  for  difference  in  vegetative  type  and  rainfall.    In  the  arid 
and  semi-arid  West,  the  animals  use  a  plant  community  complex  that  is 
composed  of  a  combination  of  open  grassy  "park,  "  timber,  and  desert  or 
mountain  brushlands.   The  composition  of  these  communities  may  vary  but 
the  boundaries   of  the   communities  do  not  change  rapidly.  Over  most  of  the 
West  the  original  climax  vegetation  is  used  as  the  standard  from  which  to 
judge  the  current  plant  community,  even  though  the  vegetative  cover  sought 
in  management  is  not  the  climax.  On  California  range  lands  an  annual 
community  made  up  largely  of  exotic   species  is  the  base  for  management. 

In    the    South,     practically   all    forest    grazing     is     influenced    by 
timber    because    open   grassy    "savannahs"    and  brush  areas  are    for    the 
most   part   transitory  in  nature.      With    the    expansion  of    scientific    man- 
agement in  forestry,    "climax"   or    "stage  of  succession"    may  not  be    the 
most  useful  standard  for     judging     the     condition     of    the     current    plant 
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community.      A  thorough  understanding  of  the  natural  trends  in  vegetation, 
however,    is    necessary    to    evaluate    the    range    condition. 

The  term  "range  condition"      (state  of  health  or  productivity),  when 
applied  to  the  forested  game-livestock  ranges  of  the  South, also  contains 
elements   dissimilar  in  emphasis  to  the  same  term  as   used  in  the  West. 
In  the  West,    range  condition  is  primarily  the  result  of  the  pattern  and  in- 
tensity of  grazing  over  a  period  of  years.      In  the  South,    the  range   con- 
dition also  is  greatly  affected  by  the  pattern  and  intensity  of  grazing  but 
it  may  be  primarily  affected  by  the  composition,    density,    pattern    of 
occurrence,    and  height  of  the  forest  overstory.or  by  fire.      Shade    may 
often  have  more  influence  on  the  vegetation  than  does   utilization  by 
animals.      Therefore,    range   condition  cannot  be  judged  by  "climax" 
vegetation.     Instead,    evaluations  must  be  based  upon  the  composition  of 
the  forest  understory  as  it  changes  with  the   development  of  the  timber 
stand  under  management. 

Some    work    has    been  done  to  ascertain  the    composition  of  plant 
communities  in  a  few   forest    types.      Notable    studies  are  those    by   Ruff 
(177)  in  North  Carolina,     Harlow    (110)  in    Florida,     Lindzey    (140)    in 
Oklahoma,    and   Goodrum  (90,     98)  in  Alabama,    Mississippi,    Louisiana, 
and  Texas.      These   studies  list  key  browse   species  and  give  an  estimate 
of  the  proper  degree  of  utilization,    but    they  do    not  describe  the    forest 
overstory  or  the   understory  plant  community  in    sufficient    detail  to    be 
useful  in  determining  the  range  condition    or    indicating  its  trend,       In 
order  to  establish    standards,    an  analysis  and  description  of    the    plant 
communities   under  different  forest  types  and  stand  structures  is  needed. 
Research  must  determine  the  ecological  relationships  arid  standardize 
descriptions   which  may  be  used  as  guides    for    establishing  the   carrying 
capacity  of  the  range. 

Productivity  and  nutrient  value  of  the  food  plants  indicate  the 
maximum  carrying  capacity  of  a  range.  Other  factors  limit  the  actual 
capacity  to  numbers  below  this  maximum.  Social  behavior  limits  the 
numbers  of  some  animals  to  a  density  well  below  what  would  be  in- 
dicated by  an  inventory  of  the  food  (101).  Need  for  cover,  as  with 
rabbits  or  quail,  or  for  open  area?,  as  with  turkeys,  causes  a  large 
part  of  the  food  to  be  practically  unavailable. 

Improper  distribution  of    grazing  also    limits  carrying    capacity. 
Mcllvain,    Baker,    Kneebone,    et  al.    (149),    working  with    livestock  on  the 
Great  Plains,    found  that  livestock  did  not  graze   uniformly  even  on  very 
uniform  pastures  containing  but  a  few  hundred  acres.      Securing  uniform 
utilization  is  much  more     difficult    in    mountainous     regions     like     the 
Ozarks  or  Appalachians,    or  in  areas   containing  heavy  timber,     Varying 
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patterns  in  use  of  range  by  both  deer  and  cattle  have  been  recognized  for 
many  years  and  the  problem  of  obtaining  better  distribution  continues  to 
be  a  major  one. 

Preference  of  animals  for  certain  foods  also  must  be  considered 
in  estimating  proper  range  use.      Food  preferences  not  only    change 
seasonally,    but  preference  for  the  same  plant  often  varies  from  place  to 
place.      Also,,    animals  frequently  use  plants  that  are  less  nutritious  than 
others  that  are  available.      Preference  for  food  plants  by  deer  has    had 
considerable  study  and  reports  are  available  for  several  of  the  more  im- 
portant deer  ranges  in  the  South  (40,   _60,   _64,    71_,    90,    93,    98      106,    128, 
132,    140,    168,    172,    177). 

Seasonal  availability  further  limits  the  carrying  capacity   of   a 
range.      The  quantity  of  wildlife  food,    and  the  nutrient  value,     must   be 
determined  for  the  critical  season.      The  critical  season  may  be     late 
spring  in  the  colder  portions  of  the  region  as  the  Ozarks  or  Appalachian 
Mountains,    or  it  may  be  the   summer  months  in  drier  areas  like  eastern 
Oklahoma  or  Texas. 

The  necessity  for  knowing  the  carrying  capacity  of  the  range, 
especially  for  deer,    cannot  be  too  strongly  emphasized.     If  the  deer 
exceed  the  capacity  of  a  range  and  starve,    they  so  thoroughly  destroy 
the  food  plants  that  it  may  take  decades  for  the  range  to  rebuild 
sufficiently  to  support  its  original  population.      Leopold,    Sowles,    and 
Spencer  (139),  Hahn  (106);  and  many  others  have   studied  the  effects  of 
starvation  on  deer  range,      Overgrazing  by  deer  leaves  the  range  in  such 
serious  condition  that  one  of  the  most  important  problems  of  wildlife 
habitat  research  is  to  develop  procedures  for  evaluating  and  describing 
trends  in  the  condition  of  the  range  in  time  to  prevent  permanent  harm. 

"Trend,"  as  well  as  "range  condition,"  has  a  different  con- 
notation in  the  South  than  in  the  West,    although  the   same  principles 
apply.      In  the  West  the  term  generally  indicates  whether  the  plant 
succession  is  moving  toward  or  away  from  the  climax  cover 
(178).      In  the  South,    the  trend  will  be  toward  or  away  from  the    forest 
understory  typical  of  a  certain  forest  stand  structure, 

A  knowledge  of  the  degree  of  utilization  that  can  be  made  of  key 
forage  plants  by  both  deer  and  livestock  is  very  important,    for  it  is 
these  key  species,    highly  palatable  to  both  deer  and  livestock,    that 
give  the  first  indications  of  range  trend.      Julander  (122)  found  that 
forbs  made  up  a  high  percentage  of  the  deer  diet  regardless  of  other 
forage  present  and  that  the  condition  of  the  range  could  best  be  de- 
termined by  observing  forbs  and  browse  species  used  by  both  deer  and 
cattle. 
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Ruff  (177)  described  key- 
species  and  the  degree  of  utiliza- 
tion allowable  for  the  types  in  the 
Pisgah  National  Game  Preserve  in 
North  Carolina.      Goodrum  and 
Reid  (98)  made  observations     on 
cattle  utilization  of  key  deer 
browse  species  in  the  longleaf- 
slash  pine  type  in  Mississippi. 
Goodrum  (90    has  also  studied 
the  effect  of  deer  browsing  in  the 
longleaf- slash  pine  type  in  Alabama 
and  (97)  made  lists  of  key  deer 
browse  species  for  Mississippi, 
Alabama,    and  Louisiana. 


a  compilation  of  the  key  species 
reveals  that  deer  eat  a  wide  range 
of  plants- -although  they  may  con- 
centrate on  a  few  in  any  one    lo- 
cality in  a  single  season. 

Among  the  most  important 
studies  needed  are  those  that  will 
indicate  degree  of  utilization  by 
seasons  and  by  soils    forest,    and 
forage  types.      These  utilization 
measures   should  be    sensitive 
enough  to  indicate  trends  before  damage  is  done.      From  all  of  these, 
utilization  standards  for  proper  use  of  range  for  the  various  forest  and 
forage  types  may  be  prepared  (4,    5,    6,    11,    26,    40,    51,    60,    67,    71,    75, 
85,    90,    93,    98,    1_04,    114,    128,~134,   T35~1387    140,  "B  7  "  6  2~7  1 6~8~,    177, 
211,    214). 


Figure  2.  -  -White-  tailed  deer    can 
become   so  numerous  that  they  dam- 
age forest  reproduction,    overgraze 
the  range,  and  destroy  forage     re- 
serves needed  for  the  breeding  herd. 
(Photo  by  Texas  Game  and    Fish 
Commission) 


The  requirements  of  the  key  forage  plants  for   survival    and 
their  resistance  to  animal  use  is  a  most  important  factor  in  evaluating 
the  trend  of  vegetation.      Cassady  (49),    in  Louisiana,    made  clipping 
studies  to  determine  the  effect  of  repeated  harvesting  on  various  forage 
plants„      He  found  that  while  conservative  grazing  did  not  materially 
reduce  bluestem  grass  production,    the  growth  of  broadleaved  plants  was 
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lowered  by  every  degree  of  repeated  harvest  and  to  a  much  greater  extent 
than  that  of  grass.      This  explains  why  game  range  deteriorates  so  much 
more  rapidly  than  cattle  range.      It  may  also  point  out  why  it  has  been  so 
very  difficult  for  people  to  grasp  the  vulnerability  of  game  range  to  over- 
grazing,   as  they  have  become  accustomed  to  the  relatively  high  resistance 
of  grass  to  grazing  pressure.      Lay  (131)  made  clipping   studies  on   five 
important  deer  browse  species  in  Texas.      Many  more  studies  are  needed 
on  the  effect  of  repeated  harvest  on  important  grass,    forb,    and  browse 
species.      Particular  attention  should  be  given  to  important  legumes.     In- 
formation should  be  obtained  on  the  effect  of  repeated  harvest  of  key 
plants  at  critical  seasons.      The  effect  of  fire  and  other  disturbing  factors 
should  also  be   studied. 

Lack  of  knowledge  as  to  the  life  requirements  of  key  game-food 
plants  also  is  one  of  the  important  deficiencies  in  the  South.      Expensive 
and  often  futile   efforts  are  often  made  to  keep  wildlife  areas  in  some 
stages  of  "primary"  or  "secondary"   succession,    while,    if  the   require- 
ments of  the  desired  plants  were  known,    it  might  be  entirely  practical  to 
produce  them  by  providing  for  their  requirements  in  the  timber  cutting 
plan. 

Not  only  must  the  plant's  reaction  to  competition  with  trees  and 
understory  plants  be  determined,    but  the  internal  needs  of  the  plant 
must  be  known.      What  are  its  moisture  requirements?     What  conditions 
must  prevail  for  a  plant  to  develop  viable  seed?     For  the  viable  seed  to 
germinate?     What  are  its  soil  requirements  if  it  is  to  produce  fruit   or 
palatable  forage?     What  is  its  resistance  to  grazing?     Many  writers 
speak  of  the  importance  of  wild  grape  to  deer,    turkey,    or  raccoon;    but 
a  thorough  search  of  the  literature  revealed  no  information  on  the    life 
history  or  requirements  of  the  wild  grape.      The  same   situation  exists 
with  most  other  wildlife  food  species. 

Such  studies  as  were  begun  on  bitterbrush  (an  important  game 
species  of  the  brushlands  of  California  and  other  western  states)    by 
Hormay  (118)  are  needed  for  the  important  game  food  species  of   the 
South, 

The  use  of  fertilizer  to  provide  for  certain  physiological  require- 
ments and  to  stimulate  production,    nutrient  value,    or  palatability    of 
desired  foods  also   should  be  investigated.     For  example,    Bentley    and 
Green  (25)  found  that  native  clovers  on  California  foothill  ranges  were 
stimulated  by  sulfur-bearing  fertilizers. 
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Range  Measurement  Techniques 

One  of  the  primary  research     goals       is  to  furnish  administrators 
with  accurate,    ecologically  sound,    sensitive,  but  practical  and  rapid  means 
of  measuring  the  productivity,    condition,    and  trend  of  the  southern  ranges. 
It  may  not  be  necessary  to  develop  new  methods,    for  methodology  has 
been  carefully  studied  for  many  years,    but  some  of  the  more   successful 
methods  will  have  to  be  adapted  to  wildlife  ranges  in  the  South. 

Standard  study  methods   such  as   species  lists  and  stem   counts  will 
give  the   composition  of  the  vegetation,    and  a  quantitative  measure  in 
pounds  per  acre  is  available  in  the  method  described  by  Campbell  and 
Cassady  (45),    which  is  an  adaptation  to  southern  conditions  of  a  method 
used  in  the  West  (170).      Some   of  the  methods   developed  on  western  cattle 
and  game  ranges   should  be  tested  under  southern  conditions  (66). 

Quantitative  studies  of  livestock  forage  in  the  South  have  been  made, 
and  a  method  of  obtaining  production  in  pounds  per  acre  has  been  adapted 
to   southern  range   conditions  (45).      This  method  has  been  tested  for  wild- 
life range  and  has  proved  to  be   satisfactory  for  inventory  purposes  (110). 

Aldous  (3)   developed  a  useful  method  of  determining   utilization 
of  browse  on  southern  ranges. 

The  Three  Step  Method  of  determining   range  condition  and  trend 
was  developed  by  Parker  (165)  in  a  cooperative  effort  between  research 
and  administrative  technicians  in  the  West.      The  procedure,    which  in- 
volves point- sampling  on  transects,    was  adapted  to  specific  needs  in 
Idaho  by  Sharp  (187).      V'arner  et  al.    (211)  used  the   Three  Step  Method 
and  formulated  a  detailed  set  of  instructions  for  the  analysis  of  the    big 
game  ranges  in  Utah.      Further  modifications  have  been  developed   and 
systematized  for  various  conditions  in  the  western  national  forests.     This 
method  should  be  tested  for  its  adaptability  to  game  range  in  southern 
forests. 

The  development  of  techniques  for   the   study  of  food  and  forage 
plants  provides  the  quantitative  basis  for  other  investigations  and  should 
be  given  the  highest  priority  in  the  forest- wildlife  habitat  research 
program. 

Requirements  of  Wildlife  for  Food  and  Cover 

Each  animal  has  more  or  less  fixed  requirements  for  food,    cover, 
and  space.      Some,    like  the  gray  squirrel,    the   dove,    and  the  coyote,    have 
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rather  wide  adaptability.      Others,    like  the  turkey,    eat  a  wide  variety  of 
foods  but  must  have  the  relative  solitude  of  larger  areas  of  woodland  to 
prosper. 

One  of  the  first  things  needed  by  the  forester  is  the  biologist's 
determination  of  requirements  of  the    animals.      Much  work  has  been 
done  for   some  major  game  species,    notably  deer,    squirrels,    and  bob- 
white.      Much  remains  to  be   done  with  all  forest- wildlife   species    in  re- 
lation to  their  requirements  in  a  changing  habitat. 

There  is  adequate  cover  for  most  animals  in  the  South.      Deer 
cover  may  need  to  be  considered  on  some  of  the  open  longleaf  lands,    but 
by  and  large  cover  is  probably  a  less  critical  matter  than  food. 

The  food  requirements  for  deer  have  not  been  worked  out  for  the 
South,    but  French  et  al.    (82), in  feeding  experiments  with  penned  deer  in 
Pennsylvania,    found  that  a  50-   to  60-pound  deer  required  about  3  to  4 
pounds  of  air-dry  feed  (6,  300  calories)  per  day.     A  150-pound  deer  re- 
quired 9,  900  calories- -the  equivalent  of  5  to  6  pounds  of  air-dry  feed 
or  10  to  12  pounds  of  green  forage.      Varner  (211),    in  Utah,    estimated 
that  a  135-pound  mule  deer  eats  4.  5  pounds  of  air-dry  forage  per  day. 

Further   study  of  the  nutritional  requirements  of  deer  is  needed, 
particularly  as  to  the  response  to  changes  in  range  condition,    season, 
forest  stand  structure,    and  soil  (157).      Nutrient  requirements  are 
particularly  needed  in  relation  to  their  effect  upon  the  breeding  habits 
of  the  deer  and  upon  the  production,    survival,    and  growth  of  fawns. 
Soil  determines  the  type,    size,    and  nutritional  value  of  the  plants  which 
occur  in  a  given  locality      (moisture  relationships,    although  not  depend- 
ent upon  soil,    usually  can  be  correlated  with  it,,    and  can  therefore  be 
used  as  an  index  of  the  wildlife  habitat.     Albrecht  (2     says,    ".  .  .  different 
animals  are  in  specific  climatic  conditions  more  because  of  the  food 
produced  by  the  soil,    as  developed  by  the  climate,    than  because  the 
temperatures  and  rainfall  are  more  comfortable.  " 

Crawford  (56),    in  Missouri,    studied  weights  of  over  8  thousand 
raccoons  in  relation  to  soil.      He  found  that  the  weight  of  the  animals 
increased  directly  with  soil  fertility.      "The  fewest  raccoons--as  well 
as  the  smallest-- were  taken  in  regions  of  lowest  soil  fertility,    in  spite 
of  the  fact  that  the  amount  of  forest  cover  and  permanent  water  was 
greater  here  than  elsewhere!"     He  also  reports  that  on  a  State  refuge 
where  the  soil  fertility  had  been  built  up,    90  percent  of  the  three-year- 
old  does  produced  twin  fawns.      On  a  neighboring  tract  that  was  un- 
treated,   only  40  percent  of  the  does  of  the  same  age-class  produced 
twins.      Leopold  and  Dalke  (137)  report  that  79  percent  of  the    wild 
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turkeys  in  Missouri  are  on  one   soil  type,    the  Clarksville   stony  loam.      A 
similar  soil*    the  Clarksville  gravelly  loam,    supports  an  additional  15 
percent  of  the  turkeys.     Such  close  correlations  indicate  that  the  funda- 
mental answers  to  many  game  problems  are  to  be  found  in  the   soil.      In 
studies  of  the   distribution,    numbers,    reproduction,    health,    and  utilization 
of  food  by  game  animals,    soils   should  be  given  the  greatest  consideration 
(141). 

The  use  of  supplemental  feeds,    such  as  planted  corn  and  winter 
oats,    should  be  evaluated.      It  is  necessary  to  know  how  much  the   supple- 
mental feeding  increases  the  yearlong  carrying  capacity  of  the  range. 

Other  studies  are  needed  to  determine  the  importance  of  mast  in 
the  diet  of  deer,    for  the  various  forage  types.      Deer  stocking  must  be 
based  upon  the  forage,    because  mast  production  is  too  irregular  (135); 
however,    if  studies  determine  that  a  certain  quantity  of  mast  is  available 
each  year,    this  minimum   should  be  considered  along  with  forage. 
Dunkeson  (75),    in  the  Missouri  Ozarks,    observed  that  penned  deer  ate 
more  browse  when  acorns  were  not  available.      Mast  may  be  an  important 
conditioner  for  the  breeding   season,    as  it  is  one  of  the  most  important 
fall  and  early  winter  foods.      Controlled  studies  are  needed  to  determine, 
in  quantitative  terms,    the   difference  in  the   size,    health,    and  reproduction 
between  does  having  adequate  browse  and  acorns  and  does  having    ade- 
quate browse  onlyc 

The  squirrels'  need  for  certain  food  items  and  the  amount  required 
to  sustain  a  squirrel  through  the  year   should  be  determined  and  trans- 
lated to  carrying  capacity.      While  it  is  impossible  with  present  techniques 
to  determine  actual  squirrel  population,    it  might  be  feasible  to  work  out 
practical  means  of  determining  the   carrying  capacity  even  though    actual 
stocking  rate  is  in  doubt. 

The  maximum   density  for   squirrels   under  good  habitat  conditions 
has  been  estimated  at  two  or  more  per  acre  by  Goodrum  (95)  in  Texas,   at 
1   to  3  per  acre  by  Schwartz  (181)  in  Missouri,    and  as  high  as   3.  3  per  acre 
by  Baker   (15)  in  Texas,    while  Trippensee  (205)   states  that  0„  51   to  1.  36 
per  acre  is  about  maximum  in  near-ideal  conditions.      Techniques   should  be 
developed  to  determine  the  cost  of  timber  management  adjustments  to 
obtain  the  desired  carrying  capacity  for  squirrels.      The  effectiveness    of 
the  measures  could  be  gauged  from  game  harvest  data.      Without  such 
quantitative   data,    there  is  no  sound  basis  for  this  portion  of  the  forest 
game-management  plan. 

Similar   studies  are  needed  in  relation  to  den  trees.      It  is  much 
less  costly  to  attach  a  den  box  to  a  sound  timber-producing  tree  than  it  is 
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to  leave  a  cull  in  the  woods  just  for  denning  purposes.      Den  boxes  have 
been  effective  in  many  instances  (39,    112).      The  requirements  of  animals 
for  denning  should  be  investigated  further  and  the  costs  of  alternatives 
determined. 

The  requirements  of  wild  turkeys  are  generally  known,    and  perhaps 
one  of  the  most  important  single  steps  that  could  be  taken  toward  the  res- 
toration of  wild  turkeys  in  the  South  would  be  for  the  various  States    and 
other  interested  agencies  to  cooperate  in  mapping  and  classifying  the  po- 
tential turkey  range.      Pooling  of  the  best  information  would  not  only  stimu- 
late interest  in  wild  turkey  restoration,    but  it  would  lay  a  solid  foundation 
for  research  in  turkey  management  in  important  forest  types.      Because  of 
the  close  correlation  between  soils  and  turkey  occurrence,    soil  types 
should  be  considered  in  such  a  survey. 

Comprehensive  ecological  studies  of  the  kind  made  by  Uhlig  (208) 
on  the  gray  squirrel  in  West  Virginia  will  lay  the  foundation  for   sound  in- 
tegration of  forest  and  game  management. 

In  summary,    the  land  manager  needs  to  know  the  type  of  habitat 
in  which  the  various  animals  can  prosper.      Within  these  types  he  needs 
to  know  how  much  food  is  required  by  the  various  animals  and  the  type 
of  food  needed  by  seasons.     A  knowledge  of  the  cover  that  allows 
certain  animals  to  exist  is  another  necessity.      The  results  of  research 
into  these  problems   should  be  expressed  in  quantitative  terms  so  that 
the  land  manager  can  provide  for  desired  species  without  sacrificing 
valuable  timber  growing   space  for  food  or   cover  that  game   does  not 
use. 
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INTEGRATION  OF  WILDLIFE  WITH  TIMBER  MANAGEMENT 

An  earlier   section  discussed  the  dominant  influence  of  the  forest 
overstory  on  forage.      In  the  managed  forest,    this  influence  is  manipulated 
through  timber  harvest,    such  as  regeneration,    intermediate,    or    other 
cuttings  for  income.      The  forage  is  also  influenced  by  timber   stand    Im- 
provement cuttings  and  by  special  cuttings  for   such  specific  purposes  as 
the  creation  of  open  areas  and  edges  for  game.      Both  of  these  latter  types 
of  cutting  require  investment.      This   section      pertains  to  the  application 
of  some  of  these  measures  and  to  the  problem  of  preventing  game  from 
unduly  damaging  the  timber   stand. 

Timber  Harvest  Influence  on  Wildlife  Food 


Timber  harvest  is  the  most  important  cutting  from   the   standpoint 
of  game,    for  it  covers  virtually  all  of  the  forest,    is  self-supporting,    and 
removes  the  greatest  volume   of  overstory.      Swift  (198)   says,    "Cutting  is 
one  of  the  most  important  tools  for   creating  wildlife  habitat.      It  provides 
browse  for  deer,    temporary  openings  for  all  wildlife,    and  starts  a  new 
plant  succession  on  its  course.  "     On   some  areas  in  critical  seasons,    tops 
left  by  cutting  provide  excellent  emergency  food  (79).      Titus  (203)    states 
that  openings  resulting  from   tree  harvesting  provide  "edges"  that  attract 
game   suitable  to  that  habitat.      From  empirical  information,    foresters 
and  game  men  have  worked  out  rules  for  timber  cutting  to  provide  for 
game  food  and  shelter.      The  Forest  Service  has  for  many  years   used 
timber  marking  rules  which  provide  for  the  leaving   of  den  and  food  trees. 

More  recently,    some  of  the    national    forests  have  made  coordinated 
cuttings  in  which  timber   stands  are   cut  commercially  with  game   range 
improvement  being  given  a  high  priority.      Examples  of  such  coordination 
are  pulpwood  cuttings  on  the  Ocala  National  Forest  in  Florida;   after  the 
pulpwood  is  removed,    a  brush  cutter  is  run  through  the  area  to  knock 
down  useless   understory  vegetation  that  would  otherwise  take  over  the 
site  to  the   detriment  of  both  timber  and  wildlife.      The  combination  of 
timber  cutting  and  brush  chopping  has  greatly  benefited  the   deer  forage 
(195).      On  the  Chequamegon  National  Forest  in  northern   Wisconsin,   small 
scattered  timber   sales  are  made  in  winter   so  that  tops  will  be  available 
to  deer  during  the   season  of  food  scarcity  (198).      In  Missouri,    on  the 
Clark  and  Mark  Twain  National  Forests,    shortened  cutting  cycles  of  1  0 
to   15  years  are  being   used  to  improve  turkey  ranges  (119). 

Although  wildlife  technicians  often  cooperated  in  making  the   rules 
under  which  these  cuttings  were   carried  out,    foresters  and  wildlife 
technicians  alike  feel  that  improvements  in  timber  harvesting  could  be 
made  that  would  be  more  desirable  both  to  timber  and  to  wildlife.     In- 
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formation  is  not  available  to  guide  the  proper  coordination  of  harvest 
cutting  and  game  production.      Among  the  studies  of  highest  priority  are 
those  that  will  determine  the  effects  upon  wildlife  food  of  various   silvi- 
cultural  systems,    rotations,    and  cutting  cycles. 

Timber  harvest  affects  the  wildlife  habitat  in  other  ways  than   by 
altering  the  structure  of  the  stand.      For  example,    logging  roads  and  skid 
trails  disturb  the  forest  floor  and  may  assist  in  the  establishment  of  wild- 
life food-    but  they  may  also  lead  to  erosion  and  pollution  of  water  with 
silt.      Studies  are  needed  to  determine  the  effects  of  logging   upon  wildlife 
habitat  and  to  improve  practices;  the  effects  will,    of  course,    vary  with 
such  factors  as   soil,    topography,    plant  composition,    type  of  product 
being  cut,    and  equipment  used  (71,    79,    136,    169,    177,    194). 

Timber  Stand  Improvement 

Timber  stand  improvement  has  as  its  purpose  the  betterment  of 
the  future  tree  crop.      It  is  accomplished  chiefly,    but  not  wholly,    by 
cutting,    girdling,    or  chemically  treating  trees  that  have  no  value  for 
timber.      In  some  timber  types  and  stand  conditions,    the   removal  of  such 
trees  may  reduce  the  amount  of  food  available  for  some  wildlife  species. 
In  other  types,    timber  stand  improvement  may  provide  a  greater  volume 
and  variety  of  food  than  existed  previously. 

The  reduction  in  crown  density  may  allow  a  heavier  growth  of 
understory  vegetation  to  develop.      Often  this  will  be  of  very  different 
composition  than  the  original  understory  and  with  a  corresponding  change 
in  carrying  capacity.      If  timber   stand  improvement  is  3-pplied  where  crop 
trees  are  not  major  mast-producing  species,    a  problem  arises  concern- 
ing modifications  that  should  be  made  to  allow  for  game  food  and  den 
trees.      These  modifications  depend  upon  several  factors   such  as  the 
species  of  game  to  be  produced;  the  timber  types;   the  composition  oi  the 
grass,    shrub,    and  forb  components  of  the  vegetation,    and  the  place  of 
game  in  the  management  objectives.     In  any  instance,    careful  study  is 
needed  to  be   sure  that  the  effort  is  expended  to  improve  the  limiting 
factor  in  the  habitat.      If  this  is  not  done,    expenditures  which  provide 
additional  food  will  have  as  little  effect  as  restocking  game  on  an  area 
where  the  habitat  cannot  support  it.      If,    for  example,    there  are  less 
deer  on  an  area  than  is  considered  desirable,    and  food  is  believed  to  be 
the  limiting  factor,    it  would  be  necessary  to  determine  the  critical 
season  of  the  year  and  the  type  of  food  needed.      If  early  spring  is  the 
critical  season,    the  development  of  grass  and  clover  along  logging  roads 
might  be  the  answer,    or  the  need  could  be  for  a  larger  amount  of  mast- 
producing  trees  left  in  the  stand. 
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Sometimes,    because  of  ill-informed  but  highly   vocal   pressure, 
foresters  make  provision  for  deer  forage  far  in  excess  of  the  needs    of 
the  animals  present.      Studies  by  plant  ecologists  of  forage  composition, 
utilization,    and  relation  of  forage  to  timber  sta.nd  structure  will  apply  to 
this  problem.      In  addition,    the  results  of  studies  by  the  wildlife  biologists 
to  determine  the  general  as  well  as  the  seasonal  requirements  of  the 
animals  must  be  obtained  in  order  to  integrate  wildlife  with  the  timber 
stand  improvement  practices  in  the  forests. 

Studies  of  timber   stand  improvement  are  essentially  concerned 
with  forest  type,    stand  structure,  and  the  evaluation  of  forage.      Insofar  as 
possible,    therefore,    such  studies   should  be  pursued     in  connection  with 
going  research  on  timber  stand  structure  and  of  forage  pioduction, 
utilization, and  condition.      These  studies  should  establish  the  levels  of 
food  required  by  seasons  and  the  levels  of  food  produced  by  the  habitat 
and  provide  a  basis  for  adjusting  timber  stand  improvement  practices  to 
wildlife  management  objectives. 

Special  Measures  for  Improvement  of  Wildlife  Habitat 

On  game  management  areas,    multiple-use  areas,    or  on  game 
holms  interspersed  in  a  commercial  timber  stand,    special  measures  for 
improvement  of  wildlife  habitat  may  be  required.      Such  measures  include 
the  use  of  special  cuttings,    fire,    chemicals,    supplemental  food  or  cover, 
fertilizing,    and  artificial  regeneration  of  desired  plants. 

Special  cuttings  have  been  used  to  a  considerable  extent  to  provide 
food  for  immediate  use  by  deer  and  to  induce  sprouting.      Buell  (36),     in 
North  Carolina,    found  that  dogwood  cuttings  made  in  March  produced  the 
biggest  three-year-old  sprouts.      Brender  and  Nelson  (30),    working   in 
Georgia,    found  that  hardwoods  varied  in  their  reactions  when  released 
by  clearcutting  an  overtopping  pine   stand.      Although  the  crowns  of  the 
released  oaks  and  hickories  grew  larger,    the  number  of  trees  did  not 
increase. 

Bryan  (34)  reported  on  special  cuttings  made  on  the  Pisgah 
National  Forest  to  provide  food  for  deer  on  about  85,  000  acres  of  deer 
range  that  had  been  destroyed  by  overstocking.      Commercial  clearcutting 
was  used  to  obtain  the  maximum  amount  of  food  in  the  shortest  time. 
This  procedure  obtained  more  food  than  could  be  used  and  forest     re- 
production was  not  satisfactory^      Morriss  (155)  reported  on  additional 
work  on  the   same  forest  when  three  areas  were  cut.      One  was  clearcut 
at  a  cost  of  $42.  82  per  acre,  here  an  excess  of  sprouts  developed  and 
very  quickly  grew  beyond  the  reach  of  deer.      The   second  area  received 
a  modified  cut  costing  $16.  33  per  acre;  and  the  third  area,    a  commercial 
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sawlog  cut  followed  by  a  timber  stand  improvement  cutting.      The  third 
cut  cost  no  additional  amount  for  game.      The  usable  browse  was  about 
the  same  in  all  instances,    except  that  the   sprouts  grew  out  of  reach  of 
the  deer  quickly  on  the  more  open  areas.     In  the  second  year,    deer 
tended  to  stay  near  the  edges  of  the  cut  areas,    so  subsequent  cuts  were 
made  to  obtain  maximum  edge. 

Precise  work  is  needed  on  the  stages  of  succession  following 
special  cuttings  and  the  cost  of  and  amount  of  food  produced  by  various 
methods.      The   studies   should  be  correlated  with  timber  type,    stand 
structure,    size  and  shape  of  openings,    and  soil. 

Fire  has  for  some  time  been  recognized  as  a  tool  in  game  man- 
agement,   and  has  been  used  with  varying  results.     Stoddard  (192) 
wrote,    "While  the  immediate  and  direct  effect  of  burning  an  area  is, 
of  course,    always  apparent,    the  general  effect  of  long-continued 
annual,    or  irregular  but  frequent,    burning  upon  the  vegetation  of  an  area, 
and  its  indirect  effect  upon  the  animal  life,    presents  a  complex  problem, 
one  that  would  require  years  of  careful  research  on  the  part  of  the 
personnel  of  a  well-equipped  experiment  station  to  work  out.      Such  re- 
search is  greatly  needed,    and  should  be  carried  on,    for  fire  may  well 
be  the  most  important  single  factor  in  determining  what  animal  and 
vegetable  life  will  thrive  in  many  areas.  " 

Grange  (103)  summarized  the  experiences  of  many  men  and 
years  of  observation  in  his  chapter  on  "Controlled  Burning  for  Game," 
when  he  noted  the  need  for  a  better  knowledge  of  plant  succession  and 
of  the  effect  of  intensity  of  burn  upon  vegetation. 

Rosene  (176),    in  South  Carolina,    reported  that  quail  populations 
increased  when  fire  was  used  to  improve  the  habitat  and  decreased 
when  no  burning  was  done.      Halls,    Southwell,    and  Knox  (108)  found  that 
certain  combinations  of  burning  and  grazing  increased  broadleaved 
herbs.      Campbell  (43)  noted  that  as  burning  decreased  litter,    a  pro- 
portionately greater  growth  of  both  grasses      and  native  legumes 
resulted. 

Lay_'  ,    studying  the  effects  of  burning  on  key  forage  plants  for 
Texas  deer,    observed  marked  differences  in  reaction  of  various  food 
species  to  fire,    both  as  to  volume  of  forage  produced  and  nutrient  value. 
Three  species  decreased  with  use  of  fire,    while  some  others  increased. 
The  study  points  out  the  need  for  further  investigation  of  the  reaction  of 
key  species  to  fire. 
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In  the  Appalachians,    Jemison  and  Hepting  (121)  found  that  the 
damage  exceeded  the  benefits,    even  in  carefully  controlled  burning.     Of 
the   studies  related  to   successional  trends  following  fire,    the  majority- 
have  been  concerned  with  grasses  and  other  plants   used  by  cattle    and 
horses.      Most  of  the   research  on  use  of  fire  has  been  in  relation  to  timber 
management.      The  best  field  for  studies  of  the  response  of  wildlife  food 
to  fire  will  probably  continue  to  be  in  connection  with  other   studies  of  the 
use  of  fire  in  forest  management.      Some   special  studies  of  fire  in    the 
development  of  habitat  may  be  needed. 

Chemical  plant-killers,    now  widely  used  in  timber   stand  improve- 
ment,   may  also  be  valuable  for  managing  wildlife  range.      Thus,    selective 
herbicides  might  be  applied  to  less   desirable   understory  plants   so  as  to 
make  room  for  valuable  forage   species.      They  may  be  desirable  when  the 
vegetation  to  be  killed  is  too  large  to  be  controlled  by  fire,    or  when 
burning  would  damage  forest  reproduction  or  forage.      Chemicals  are 
likely  to  be  particularly  useful  in  manipulating  the  vegetation  on  game 
holm  s. 

Planting  and  seeding  game  food  species  has  been  studied  by    a 
large  group,    with  notable  results  (10,    70,    76,    102,    133,    192).      However, 
while  most  wildlife  textbooks  and  numerous  articles  in  farm  magazines 
deal  to  some  extent  with  wildlife  plantings,    the  emphasis  is  usually  on 
planting  as  a  part  of  farm  operation.      Planting  to  produce  forest  game 
foods  is  not  yet  well   understood.      As  has  been  mentioned,    wild  grape  is 
a  valuable  game  food,    yet  there   seems  to  be  no  published  information  on 
artificially  reproducing  it  on  game  ranges.      In  game   holms,    it  may   be 
desirable  to  kill  undesirable  trees  and  shrubs  and  to  interplant  desirable 
game  foods.      One  possibility  would  be  further  work  with  Chinese  chest- 
nuts.     Establishment  of  low  perennial  food  plants  along  roads  and  rights- 
of-way  should  be   studied.     In  those  areas  where  mast  has  been  found 
deficient  or   undependable,    the  selection  and  propagation  of  mast-producing 
plants   should  be   studied.      Ideally,    such  plants   should  be  in  the  forest 
understory  and  provide  a  dependable  crop  of  nutritious  mast.      They  should 
be   sufficiently  fire-resistant  to  survive  normal  prescribed  burns.      All 
such  plantings   should  be  designed  to  increase  game  food  during  the 
critical  season. 

Special  wildlife  areas  are  frequently  developed  in  the  forest  to 
improve  game  habitat.      One  of  the  foremost  problems  of  forest  wildlife 
research  is  to  determine  the   size,    location,    and  plant  composition  of  such 
areas.      Ideally,,    they  would  be   stands  of  trees  devoted  primarily  to  wild- 
life,   but  with  some  secondary  timber  value,    and  the  surrounding  forest 
should  have  as  much  secondary  wildlife  value  as  possible. 
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The  author  has  applied  the  term  "holm"__'    to  these  forest  areas 
devoted  to  wildlife  (37).      Holms  could  vary  from  one-tenth  of  an  acre  to 
several  acres,    depending  upon  the    species  of   wildlife  sought,    the    limi- 
tations of  the  site,  and  the  emphasis  on  game.    A  holm  may  be  more  eco- 
nomical of  timber-growing  space  than  the  setting  aside  of  a  few  trees  per 
acre  for  "wildlife  trees.  "     Holms  would  not  prevent  the  production   and 
development  of   wildlife  food  and  cover    throughout  the  forest,    but   would 
provide  areas  that  could  be  managed  primarily  for  wildlife  to  supplement 
the  surrounding  timber  stand.     Some  holms  might   be    open,    some  might 
have  food  trees  or  shrubs  of  various    species  or  sizes,    and    some  might 
consist  of  mature    mast-bearing    trees.     A    combination  might  also   be 
developed  in  a  single  holm.  In  the  pine  types,  holms   could  be  established 
in  small  bottoms  and  branch  heads,    as  these  are  usually  hardwood  sites 
in  which  wildlife  tends  to  congregate. 

There    are     conflicting     views    as    to    the    value    of   holms.      Some 
biologists  feel  that  they  would  concentrate  the  game  and  cause  overhunting 
or  overutilization  of  the  food.    Others  feel  that  the  holm  is  more  adaptable 
to  management  than  scattered  trees  and  that,   since  animals  would  not  be 
confined,    holms  would  form  valuable  supplements  to  presently  available 
game  food.    There  is  general  agreement  that  such  developments  should  be 
tested. 

Fertilizer  has  had  but    little    use    in    southern   forests.      Its  ability 
to  increase    desirable    wildlife    forage    should   be    investigated  (151). 

Wildlife  Damage  to  the  Forest 

The  very  existence  of  the  forest  depends  upon  reproduction  and 
growth  of  seedlings.  Since  neither  good  tree  seed  crops  nor  conditions 
for  satisfactory  germination  and  survival  occur  every  year,  the  forest 
owner    cannot   toleiate    any    damage    to    regeneration    (212). 

Birds  and  rodents  often  destroy  entire    seed    crops,     while    deer 
damage  seedlings  and  young  reproduction.      The  very  important  problem 
of  protecting  forest    regeneration  from  seed-eating  rodents  and  birds  is 
the  object  of  research  now  being  carried  on  cooperatively   by   the  U.    S. 


9/     This  is  an  old  Norse,    and  also  old  English,    word  for  a  small  island; 
and  the    holm,    as  used  here,    is  in  a  sense  a  wildlife  island.      The    word 
also  means  low  flat  land  near  a  river  or  a  bottom.     As    these    "islands" 
will  predominantly  be  placed  near  small  streams  and  branch  heads,    the 
author    has    taken   the    liberty    of    using    a    single    word   to    replace  a  long 
descriptive  phrase. 
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Fish  and  Wildlife  Service  and  the  U.  S„  Forest  Service.  Deer  seek  out 
and  eat  valuable  species  such  as  yellow-poplar  even  when  other  food  is 
abundant.  Some  types  of  nursery  fertilizer  seem  to  give  planted  seed- 
lings an  irresistible  attraction  for  deer.  The  author  has  seen  deer  eat 
every  redcedar  planted  in  an  experiment  and  leave  adjacent  natural 
seedlings    untouched. 

In  northwestern   Montana,    Neils,    Adams,    and  Blair  (159)    found 
that  browsing  by  deer  is  a  primary  limiting  factor  in   pine    regeneration. 
This    same    situation  is  noted  in    the    South   wherever    deer  have  become 
abundant.      To  secure    forest    regeneration,     management   must   protect 
critical    areas    by    reducing  or    removing    herds    at    critical    times.      The 
problem  is  obscured   by    sentiment,    for  once    deer    become    established, 
it  is    very    difficult   to    obtain   public    support   for    adequate    harvest.      If 
permission  for  an  adequate    hunt    is    granted,    it  is    often    difficult    to    get 
the  hunters  into    areas    at    any    distance    from    the    road.      Added   access 
roads  are  being  developed  to  facilitate  hunting.     In  extreme  cases,    after 
an  area  is  opened  and    the  public    given  every    opportunity  to  hunt,    com- 
mercial  hunters  could  be  licensed   to  go  into  specified  areas  and,    under 
close    game-department    supervision,     remove    a    specified   number     of 
deer.      This    procedure    would   bring  numbers  down  to  levels    that    would 
protect    the    forest  regeneration,    preserve    the    forage,    and    ensure    the 
continuity    of   a    healthy    deer  herd. 

The  cost  of   applying    deer    repellents  to  extensive    areas  of  tree 
reproduction    is    at    present    far    too    high   to    be    of    practical    use. 

The    price  of    obtaining    integration   between    wildlife  and   timber 
is   coordinated   management    in    which    the    forest    gives     way    enough    to 
allow    the    wildlife    to    survive    and   reproduce,     and   the    wildlife    in    turn 
gives    way    to    allow    the    forest    to    survive    and    reproduce.       Research 
must  provide  the  factual  basis  to  guide  management. 
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INTERSPECIES  COMPETITION  AND  INTEGRATION 
OF  WILDLIFE  WITH  LIVESTOCK  GRAZING 

Game  animals  compete  with  other  wildlife    ana   domestic  livestock 
for  the  products  of  the  forest  range. 

Bateman  (21)  summed  up  the  problem  of  animal  competition  as 
follows:     "Man's  reaction  to  the  consumption  of  vegetation  on  range    or 
forest  depends  on  his  interest  in  the  animals,    in  the  material  consumed, 
or  both.    ....        If  forests  are  to  be  grown,    all  efforts  are  directed  to  the 
production  of  a  maximum  yield  of  the  desired  trees.      Wildlife,    another 
crop  from  range  and  forest,    is  the  chief  concern  of  many  people,    most 
of  whom  do  not  live  on  the  land.      Quite  often  the  owner  of  range  cattle 
does  not  own  the  land  and  more  generally  those  interested  in  wildlife 
production  are  not  landowners.      Thus,    the  forest  and  cutover  lands  of  the 
South  may  be  expected  to  produce  one,    two,    or  three  crops  by  different 
groups,    each  demanding  that  his  choice  be  given  consideration.     A  better 
understanding  of  the  interrelations  between  various  types  of  animals  and 
between  those  animals  and  the  habitat  is  needed.  " 

Taylor,    Handley,  and  Pearson  (200),    speaking  on  the   same  subject, 
said:     "Obviously  the  livestock  cannot  be  removed  or  unduly  reduced  to 
make  room  for  game;  but  in  many  places  it  is  true  that  careful  regulation 
of  grazing  will  do  more  than  anything  else  to  promote  soil  and  water  con- 
servation,   improve  returns  from  livestock,    and  build  up  wildlife  as  well.  " 

In  Louisiana,  Campbell  and  Cassady  (46)      observed  that  cattle  use 
considerable  amounts  of  shrub  and  tree  browse  during  the  winter  and 
early  spring.     Goodrum  and  Reid  (97)  found  that  in  Mississippi    cattle  and 
deer  prefer  the   same  species  of  browse.      Julander  (122),    in  Utah,    con- 
cluded that,    "Competition  between  deer  and  cattle  depends   upon  the  extent 
of  overlap  of  the  areas  grazed  and  on  the  forage  preferences  and  supply 
of  preferred  forage  in  relation  to  number  of  grazing  animals.      If  forage 
is  plentiful,    the  animals  are  essentially  not  in  competition  for  it.      But  as 
soon  as  overutilization  of  the  important  species  begins,    forage  competition 
begins,    and  this  affects  management  of  the  range.  " 

Since  deer  compete  with  other  animals  for  certain  products  of  the 
range,    it  is  necessary  to  determine  the  relation  which  domestic  livestock 
and  other  wildlife   should  hold  toward  the  deer  herd.      For  example,    dense 
thickets  often  preferred  by  deer  are  avoided  by  turkeys  (71,    98,    106,    111, 
136,    177,    189). 

Moderate  grazing  by  livestock  and  deer  is  not  harmful  to  squirrels. 
On  the  other  hand,    overgrazing  and  trampling  compact  the  soil,    reduce 
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insect  life,    and  make  buried  nuts   difficult  to  recover.      Wild  hogs  are  a 
particular  detriment,    for  they  compete  directly  with  the   squirrel  for 
food  (J_5,    95,    165). 

Research  should  provide  techniques  for  measuring  utilization   of 
forage  by  deer  and  cattle  and  indicating  proper  range  use  on   areas    of 
competition. 
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PROBLEMS  OF  SOME  IMPORTANT  WILDLIFE  SPECIES 

Deer 

The  white-tailed  deer  is  the  most  important  big-game  animal  in 
the  South.      Although  once   seriously  limited,   it  is  now  found  over  almost 
all  of  each   State  from    North    Carolina  and   Florida  to  eastern  Oklahoma 
and  eastern  Texas. 

The  deer  population  has  been  rising  rapidly  over  the  past  20  years 
and  now    sufficiently    large    breeding    herds    exist    to     increase     stocking 
rapidly    up    to    or    beyond    the    capacity    of    the    range    (19). 

The  normal  breeding  season  of  the  white-tailed  deer  in  the  South 
is  in  the  fall.  However,  observers  have  found  young  fawns  at  all  months 
of  the  year  (144).  The  gestation  period  is  about  seven  months,  with  May 
and  June  being  the  usual  fawning  season.  The  condition  of  the  habitat 
has  a  great  influence  on  the  breeding  habits  of  deer  and  the  number, 
health,  and  survival  of  fawns.  Research  must  discover  the  condition  of 
the  various  range  types  most  conducive  to  the  production  and  survival  of 
a  good  fawn  crop. 

Deer   use    forbs    and   browse    primarily,    although    they    use    some 
grass  in  the    spring  when  it  is    succulent.      The    problems    of    deer    range 
have    been    discussed    previously    but   a   few     special     ones     will    bear 
repetition    in    this    section,.      One    of    these  is  the    preference    of    deer  for 
certain    species    (40,    _60,     61,    _68,     74,    _9_0,  _93,    98,    106,    128,    132,    140, 
168,    172,     177).      Though  much  informa.tion  is  already    available    there  is 
still    need   for     studies     which     determine    the    nutrients     supplied   by    the 
principal    plants  and  the  species  that  indicate  range  condition  under    the 
different  soil  and  forest  types.      Utilization  and  carrying  capacity  should 
be   studied  under  controlled  conditions  with  known  numbers  of  deer    in 
enclosures  in  order  that  accurate  guides  for   stocking  rates  may  be 
established    (4,   _6,     8,    _2_6,     32,     51_,     6_7,    75,     85,     104,     107,     135,     162, 
186,     199,     2lT,   ~\A). 
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Squirrels 

Squirrels  are  among  the  most  hunted  game  in  the  South.  Goodrum 
(94,    95,    96)   says  that  over  85  percent  of    the  hunters  hunt  for    squirrels. 
Hyder  (lZO)reports  over  2  million  squirrels  killed  in  Tennessee  in  1954 
and  Redmond  (174)  states  that  80  percent  of   Mississippi's    hunters    hunt 
squirrel. 

The  general  distribution  and   the    ability  of    the   squirrel    to  stand 
heavy  hunting  pressure  has  preserved  them,    although  they  often  become 
very  scarce  in  some    localities.      Allison  (9),    in   North    Carolina,     states 
that   gray    squirrels    are    declining  because  of    persistent    overshooting. 
However,    the  squirrel    population    rebuilds    rapidly    when  the    habitat  is 
favorable    and   hunting    pressure    is    relieved. 

The  most    important  squirrels    are  the    fox  and    gray.      There   are 
many  variations  in  these  two  species;    for  example,    Louisiana  alone  has 
three  geographic    races    of   fox  squirrel  and    two  of  gray,    besides  many 
color  phases  of  each  (125,    182).    The  red  squirrel  is  also  found  in  limited 
numbers  along  the  northern  border  of  our  region  (120).    The  fox  squirrel 
prefers    well-drained   bottomland,    hill    land,    and  more    open   areas.     It 
uses  pine  extensively.      The  gray    squirrel    prefers  wet   bottomlands    and 
is  a  deep    forest    dweller,    although    paradoxically  it  is  also    the    species 
that  is   usually  seen  m  city  parks  (15,    ZZ,    27,    94,    95,    96,    120,    174,     181, 
185,    205,    207,    215).      Oak,     hickory,     and   other    nut- bearing    trees    are 
important   food  sources  and  squirrel  populations    decline  when  these    are 
destroyed   (23,     95,     147,     173,     181,     185,     205).       Determination    of    the 
number  and  kind  of  trees   required  to  support  a  population  of  two  or  three 
squirrels    per    acre    would    greatly    assist    forest    owners    to   plan    timber 
management    to    accommodate    squirrels.      The  location  of   the    squirrel 
trees  is  also  very    important    because  of    the  preference  of    gray   and   fox 
squirrels  for  different  habitat  conditions.    Perhaps  a  fruitful  study  would 
be  to  determine  the  requirements  for  red  and  gray  squirrel  holms  for  the 
different   forest   types. 

In    some     areas,     squirrels     adapt     their     food     habits     to     existing 
conditions.      Terres  (202)  reports   extensive   use  of  elm  buds  by  squirrels 
in    Pennsylvania    and    New  York.      Parker    (166)    reports    use    of    elm    by 
Kansas    squirrels  but  says    that   the  animals    do  not   remain  long  in   pure 
stands   of  el  in. 

Trippensee   stated  in  1948  that    no    concerted    effort    had   yet  been 
made  to  manage  squirrels  intensively  and  his  statement  is  probably  still 
true.     In  general,  good  hardwood  forest  practice  is  favorable  to  squirrels 
because  it  encourages  large    trees    and   provides    sufficient     light    in    the 
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stand  to  stimulate  mast  production.      Since  the  real  requirements  for  mast 
are  not  known,    it  cannot  be   said  that  practices  should  be  instituted  to  pro- 
duce more  mast  in  hardwood  or  pine-hardwood  stands.     In  predominantly 
pine  types,    there  are  many  areas  where  more  mast  may  be  needed  and 
studies  should  be  made  to  determine  how  to  get  a  dependable  quantity  at 
the  lowest  cost  in  timber  growing  space. 

Den  trees  are  very  important  to  squirrels,    as  each  family  needs 
more  than  one.      However,    when  den  trees  are  not  available,    leaf  nests 
are  used  altogether  (9,    59,    96,    174,    215).      Den  boxes,    which  have  been 
successful    in  areas  of  high  timber  values,    should  be  considered  in  terms 
of  relative  cost  and  effectiveness  in  relation  to  the  leaving  of  den  trees, 
which  take  up  timber  growing  space.      Butterfield  (39)  notes  that  some 
sportsmen's  clubs  in  Ohio  buy  den  trees  for  raccoons  at  a  price  that 
compensates  the  timber  grower  for  the  timber-producing  space. 

Uhlig's  excellent  work  on  gray  squirrels  (208)  should  be  adapted 
to  other  areas  of  the  South,  and  similar  work  should  be  done  for  the  fox 
squirrel. 

Rabbits 

Cottontail  rabbits  are  an  important  game  animal,    although  more 
of  a  farm  than  a  forest  species.      The  cottontail  is  found  throughout  the 
South.      Over  30  species  and  subspecies  are  listed.      There  are  four 
species  of  swamp  rabbits. 

An  abundance  of  rabbits  is  usually  considered  to  be  a  detriment 
to  forest  reproduction.      Plantings  may  be   somewhat  protected  by  the  use 
of  repellents  on  the  planting  stock  (33,    56,    64,    103,    143,    145,    147,    163, 
167,    183,    184,    205).  ~~~  ~    ~~~ 

No  research  is  recommended  at  the  present  time,    but  game  holms 
developed  for  turkey  or  deer  may  also  prove  to  be  suitable  for  a  limited 
rabbit  population. 

Turkeys 

The  wild  turkey  has  six  subspecies,    but  the  differences  between 
them  are  not  important  here. 

Turkeys  were  originally  found  in  39  States.      They  ranged  over 
most  of  the  area  from    northeastern  United  States  to  the  Great  Plains 
and  the  Mexican  border.      At  present,    only  20  States  have  wild  turkeys 
and  the  total  number  of  birds  is  very  low,    although  increasing  in  some 
places  (13,    19,    29,    76,    205). 
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Recent  publications  report  about  7  thousand  turkeys  in  West 
Virginia  and  45  thousand  in  Florida.      Texas  has   the  most,    with  105 
thousand  reported  in  1950.      Although  numbers  were  not  given,     158  flocks 
were  reported  in  Louisiana.     About  7,  000  turkeys  were  found  scattered 
over  47  counties  in  Arkansas  (1_3,    28,    89,    116,    117,  156,    213). 

Much  more  turkey  range  is  available  than  is  now  being  used. 
About  20  million  acres  is  present  in  Texas,    where  large   ranches  pro- 
tect the  turkey  from  poachers  (161   .      In  other  parts  of  the  South, national 
forests  and  game  management  areas,    as  well  as  land  owned  by  private 
clubs,    offer  the  greatest  opportunity  for  preservation  and  increase  of 
turkey  range.      Mosby  (156)   states  that  areas  of  unrestricted  public 
hunting  cannot  support  turkeys  because  of  poaching  by  hunters   of  other 
game. 

It  is  difficult  to  estimate  the  value  of  the  wild  turkey.  In  terms  of 
meat,  domestic  turkeys  are  much  cheaper  and  probably  tastier. 
Edminster  (76)  says  that  the  importance  of  the  wild  .urkey  rests  on 
quality  of  sport  rather  than  quantity.  Stoddard  (193),  Gerstall  (86), 
and  most  other  writers  agree  that  only  the  wildest  strains  should  be 
used  to  propagate  flocks  and  that  management  should  be  designed  to 
promote  wildness. 

The  nesting  habits  and  the  many  sources  of  danger  to  nests  and 
nestlings  should  be  given  special  consideration  in  the  management  of 
turkey  habitat.      Because  less  than  half  of  the  nests  are  hatched  success- 
fully,   an  important  field  of  study  appears  to  be  to  discover  the  changes 
in  the  character  of  the  habitat  that  would  aid  in  increasing  the  number 
of  successful  hatches.      Coupled  with  this  would  be  studies  of  cover  and 
food  requirements  as  they  are  affected  by  the  management  of  a  timber 
stand.      Many  '"urkey  studies  have  been  made  and  there  is  a  sound  basis 
from  which  to  work;  however,    most  studies  have  been  on  areas  devoted 
primarily  to  game  production.      Much  additional  work  is  needed  to  de- 
termine the  needs  and  responses  of  turkey  in  forests  managed  for 
timber. 

Turkeys  avoid  brushy  areas  and  cultivated  fields.      They  are 
adversely  affected  by  reversion  of  land  to  broomsedge  and  by  grazing. 
Turkeys  require  large  areas  not  frequented  by  man.      They  need  mature 
trees  for  food  and  some  coniferous  trees  for   shelter  and  often  prefer 
coniferous  thickets  near  streams  as  roosting  places.      Bottomlands  are 
sometimes  superior  to  more  rugged  areas  as  turkey  cover.      The 
location,    management, and  size  of  turkey  habitat  in  commercial  forests 
is  a  study  that  is  needed    before  any  considerable  spread  of  turkeys  to 
these  areas  can  be  accomplished  (7,    13,    14,    62,    63,    65,    76,    88,    115, 
116,    179,    191,    205,    209,    216).        ~ 
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Quail 

Quail  are  normally  farm-game  birds,    but  in  the  South  they  are 
often  found  in  the  forest,,      Edminster  (76)  states  that  the  loblolly  pine 
woods  are  the  best  forest  habitat  for  quail  in  the  Carolinas„     Goodrum 
(91)  describes  quail  range  in  the  longleaf  pine  woods  of  Louisiana  many 
miles  from  human  habitation.      This  range  not  only  supported  fair 
numbers  of  quail,    but  the  cover  was   so  good  in  the  wiry  grasses  of  the 
forest  understory  that  hunting  was  difficult,      Goodrum  has  also  ob- 
served that  quail  make  considerable  use  of  pine  seeds,    apparently 
preferring  the  seed  of  the  longleaf  pine„_iii'     In  the  discussion  at  the 
Fourteenth  North  American  Wildlife  Conference  in  1949,    he  stated  that 
more  and  more  hunters  are  finding  quail  hunting  a  woods  operation. 
Fortunately,    work  is  now  being  done  on  the  ecology  of  bobwhite  quail 


1  1 
on  longleaf  pine  forest  land  .J:'     Studies  of  this  type  are  needed  as  a 

basis  for  research  work  pointed  toward  the  improvement  of  forest 

habitat  for  quail.     For  forest  quail    this  is  the  most  pressing  research 

need,    for  other  aspects  of  quail  management  have  been  extensively 

studied  (22,    31_,    42,    76,  _9L    92,    99,    133,    175,    176,    192). 

Woodcock 

Woodcock  is  a  shore  bird  that  also  uses  the  forest  habitat.     Pre- 
liminary work  is  being  done  in  Louisiana  to  determine  the  life  require- 
ments of  woodcock.     St.    Amant  (190)  writes,    "Much  more  work  is 
needed  on  this  species  before  any  management  recommendations  can  be 
offered.  "     In  the  formulation  of  programs  of  research  and  of  timber 
management  plans  in  the  bottomland  hardwoods  and  the  pine-hardwoods, 
consideration  should  be  given  to  the  preservation  of  conditions  favorable 
to  the  woodcock  as  rapidly  as  the  biologists  make  the  bird's  require- 
ments known. 

References  pertaining  to  woodcock  include  Edminster  (76), 
St,    Amant  (190),    Trippensee  (205),    and  Wing  (215). 

Ruffed  Grouse 

The  ruffed  grouse  is  present  in  the  Ozarks,  in  middle  and  eastern 
Tennessee  ( 180),  North  Carolina,  and  the  mountains  of  northern  Georgia. 
Grouse  need  a  combination  of  open  lands,    brush,    hardwood,    hardwood- 


10/     Personal  communication. 

11/     By  Phil  Goodrum  and  Vincent  Reid   at   Eglin  Air    Force    Base    in 

Florida,    started  in  1948. 
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conifer, and  conifer  forests.     Second-growth  slope  hardwoods,    mixed  up- 
land hardwoods,    and  hemlock-hardwoods  are  favorable  sites  near    the 
northern  border  of  this  region  (76,    109).      Studies  of  the  ruffed  grouse  in 
relation  to  forest  types  and  forest  management  practices   should  be  con- 
tinued in  order  that  fullest  development  of  this   superior  game  bird  may 
be  obtained. 

Mourning  Doves 

The  mourning  dove  of  the  Southeast  is  a  prime  game  bird  that 
requires  fast,    accurate   shooting.      The  dove  rivals  quail  as  a  dish  and 
is   sought  by  thousands  of  hunters.       It  uses  the  forest  sufficiently  to  be 
considered  with  forest  game  in  management. 

Recently  a  Southwide  study  of  doves  was  made  by  a  cooperative 
organization  of  State,    Federal,    and  private  agencies  that  forms  a 
model  on  which  similar  research  can  be  patterned.      Further  dove  re- 
search is   under  way  using  parts  of  the  same  plan  (160,    171). 

Ducks 

Ducks  use  small  lakes  and  ponds  in  the  forest,    and  several 
species  feed  upon  acorns.      Wood  ducks  nest  in  hollow  trees  but  will  nest 
in  boxes  that  are  properly  constructed  and  located.      Pin  oak  acorns  are 
most  used  by  ducks  but  wood  ducks  also  use  acorns   of  the  white  and  red 
oaks. 

Wildlife  habitat  research  in  bottomland  hardwood  types   should 
consider  the  wood  duck.      Christisen  (52)  and  McLaughlin  and  Grice  (150) 
are  helpful  references. 

Foxes 


Both  the  red  fox  and  the  gray  fox  range  over  all  of  the  southern 
States.  Foxes  are  abundant,    but    of  little  value  economically- -hides  of 
red  fox  averaged  16  cents  each  and  of  gray  fox  17  cents  in  Tennessee 
during  the   1954-1955  trapping  season  (1).      As  an  object  of  sport  to  the 
fox  hunter,    however,    the  animal  is   priceless. 

The  red  fox  dens  more  in  the    soil  than  the  gray  fox,    but  both 
use  a  variety  of  places  including  burrows,    old  slab  piles,    rocky  ledges, 
and  even  abandoned  buildings  (197). 

The  food  of  the  fox  consists  largely  of  rabbits,    mice,    other 
small  rodents,    and  insects.      Grapes  and  several  kinds  of  berries  and 
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plums    form    the   main   part    of   the    vegetable    diet    (54,     78,     142,     204, 
206,     216). 

Numerous   studies  have  been  made  to  determine  whether  or  not 
foxes  prey  upon  quail  and  turkey  sufficiently  to  be  a  major  hazard  to 
these  game  birds.      Kozicky  (129),    in  Pennsylvania,    found  no  evidence 
of  predation  on  wild  turkey,      Foxes  eat  some  quail  eggs  and  the  birds 
also  when,  they  can  get  them,    but  the  consensus  is  that  they  have  but 
little  actual  effect  on  quail  populations  (142,    2049    206,    216).      The 
problem  of  rabies  becomes  critical  when  foxes  become  overabundant, 
but  trapping  apparently  will  control  this  (217). 

No  research  is  outlined  for  the  fox,    but  the  effect  of  the  fox  as 
a  predator  or  rabies  carrier  upon  other  wildlife   species  must  be  ob- 
served and,    upon  the  recommendation  of  biologists,    will  need  to  be 
considered  if  habitat  is  a  factor. 

Raccoon 

The  raccoon  has  been  found  in  every  State  in  the  Union  but  its 
range  generally  excludes  the  Great  Basin  and  Northern  Rocky 
Mountains  (147)„     In  recent  years  populations  have  increased  astound- 
ingly  and  many  biologists  believe  that  a  cyclic  decline  will  follow.     In 
Missouri,    121  thousand  raccoons  were  taken  in  1952  (124).      On   one 
refuge  in  Alabama,    the  increase  was  so  heavy  as  to  make  it  desirable 
to  harvest  raccoons  to  prevent  disease.      Here  over  2,  000  raccoons 
were  taken  from   19,  000  acres  in  a  period  of  three  seasons  (12).     A 
part  of  the  increase  in  numbers  has  been  ascribed  to  the  decrease  in 
pelt  value.      In  Tennessee  the  pelts  were  worth  but  54  cents  in  1954  and 
7  8  cents  in  1955  (1). 

The  raccoon  is  omnivorous;  acorns  make  up  the  largest  part  of 
their  diet  in  season,    with  insects  and  crayfish  following.      Corn  and 
fruits  are  eaten  when  available.      The  amount  of  animal  matter  in  the 
diet  has  been  reported  from  about  one-third  in  some  areas  to  about 
three-fourths  in  others,    indicating  probably  both  seasonal  and  geo- 
graphic variation.      Raccoons  prey  upon  mice,    rabbits,    and  other  small 
animals  and  have  killed  sheep  in  Texas  (18,    41,    87,    147,    196). 

The  raccoon  seems  relatively  easy  to  manage,  because  he  can 
defend  himself,  adapt  to  a  variety  of  cover  conditions,  and  eat  almost 
anything.  Den  trees  are  a  special  need  that  should  be  considered,  to- 
gether with  the  possible  use  of  den  boxes. 
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There  are  at  present  no  regional  problems  concerning  the  survival 
and  maintenance  of  the  raccoon.      In  research,    the  wide  range  of  the 
raccoon,    his  omnivorous  appetite,    and  his  reaction  to  habitat  conditions 
may  make  him  a  valuable  animal  for  further  work. 

Opossum 

Opossums  range  throughout  the  eastern  United  States,    west  to  the 
Great  Lakes,  and  south  through  Texas  to  Mexico     and  Central  and  South 
America.      They  are  hunted  as  game,    and  sometimes  used  as  food(possum 
and  sweet  taters).      The  quality  of  the  fur  and  the  price  accordingly  is  low. 
In  Arkansas  the  price  ranged  from   19  cents  in   1940-41   to  60  cents  in 
1945-46  (116);  hides  were    13  cents  in  Tennessee  in  1954-55  (1). 

The  opossum  offers  no  problem  at  present,    either  as  disappearing 
game,    or  as  an  important  threat  to  other   species. 

Beaver 

Beaver  can  become  an  important  furbearing  resource  in  the  South. 
In  1941  over  a  thousand  beaver  were  reported  in  Mississippi  by  Dearman 
(69).  In  a  statewide  survey  of  Alabama  in  1939-1941,  an  estimate  of  over 
3,  500  beavers  was  made  by  Moore  and  Martin  (154).  Although  not  plenti- 
ful enough  to  be  much  of  a  problem,  beaver  have  considerable  effect  on 
timber  by  cutting  trees  and  by  building  dams  that  cause  flooding  of  roads 
and  timber. 

No  research  is   suggested  at  present.      Research  currently  in 
progress  on  the  effects  of  flooding  of  trees  may  be   useful  if  this  phase  of 
beaver  management  becomes  a  problem. 

Mink 

Mink  are  present  in  all  of  the  southern  States,    but  not  much  liter- 
ature is  available  on  the  forest  as  a  habitat.     Some  consideration  for  the 
species  may  be  necessary,    especially  in  bottomland  hardwood     types. 

Muskrats 

Muskrats  inhabit  the  coastal  marshes  primarily,    although  they 
occupy  some  areas  adjacent  to  wetland  forests.      They  are  not  considered 
to  be  a  forest  problem. 
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Destructive  Rodents 

Rats,    mice,    chipmunks, and  rabbits  or  other  rodents  often  destroy 
forest  tree  seeds,    young  trees,    and  important  wildlife  plants  needed  for 
other  more  valuable  species.      Ordinarily  predators  hold  rodent  popu- 
lations in  check,    but  rodent  damage  must  be  considered  if  any  artificial 
regeneration  for  the  improvement  of  timber  stands  or  game  holms  is 
planned.      Rodent  control  is  not  considered  wildlife  habitat  research. 

Rodents  may  become  competitors  to  turkeys,    quail,    and  other 
seed-eating  birds,    or  to  squirrels.     Research  work  concerned  with 
measures  of  utilization  of  food  and  forage  should  take  proper  precautions 
to  prevent  rodent  use  from  confounding  observations  of  utilization. 

Armadillo 


The  armadillo  is  one  of  America's  strangest  animals.     It  is    a 
mammal  about  the   size  of  a  cat,    it  has  a  long  pointed  nose,    large  ears, 
is  covered  by  a  jointed  shell,  and  has  a  scaly  pointed  tail.      Its  young  are 
born  early  in  spring  and  the  litters   contain  four  young,    always  of  the 
same   sex. 


The  armadillo  is  found 
in  Argentina ,    Central  America, 
Mexico,    and  in  isolated  instances 
has  been  found  as  far  north   as 
Kansas  and  southern  Illinois.     It 
is  common  west  of  the  Missis- 
sippi River  and  there  are  scat- 
tered colonies  in  the  east   Gulf 
States.      One  large  expanding 
colony  is  found  in  east  Florida 
(^5,   _80,   J_58,    215), 

The  food  of  the  armadillo 
is  primarily  beetles,    grass- 
hoppers,   moth  larvae,  millipedes, 
and  small  reptiles.     Ants  are 
eaten  in  large  quantities- - 
thousands  of  ants  may  be  found 
in  a   single  stomach.      The  arma- 
dillo also  eats  eggs  of  quail  and 
other  ground-nesting  birds,    to- 
gether with  melons  and  pine 
seeds  (16,    17,    80). 


Figure  3.  --The  armadillo  is  one  of 
America's  strangest  animals. 


At  present  no  research  is  recommended  as  to  the  effect  of  the 
armadillo  on  forest  game  habitat. 

Non-Game  Birds 

Non-game  birds  include  such  birds  as  buntings,    the  many  different 
species  of  warblers  and  sparrows,    hawks,    owls,    thrushes,    wrens,    wood- 
peckers,   and  many  others  that  too  often  have  been  given  no  consideration 
because  they  could  not  be  sold  or  eaten.     Some  have  been  killed  off 
through  wanton  shooting  by  the  legion  of  "sportsmen"   who  shoot  at  any- 
thing that  moves.     Almost  as  little  consideration  has  been  given  to  pre- 
serving the  habitat  of  these  many  important  birds.      Habitat  research 
should  keep  well  informed  as  to  the  requirements  of  these  birds  and  while 
present  conditions   do  not  indicate  the  need  for   special  habitat  studies,    the 
effect  of  timber  stand  structure,    season  of  burning,    etc.    on  non-game 
birds   should  be  noted.      It  may  be  that  holms   designed  for   such  birds  in 
their  wintering  or   spring  nesting  grounds   would  be  practicable.      Trees 
having  a  mass  of  grapevines  high  in  the   crown  are   sometimes  cut  to  bring 
the  vines  to  the  ground  in  reach  of  turkeys.      It  may  also  be  important  to 
leave   some  areas  with  grapevines  high  in  trees  to  form  nesting  and  feeding 
areas  for  non-game  birds.      Areas  of  heavy  tangled  growth  without  access 
trails  might  prove  beneficial  to  birds. 
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PROBLEMS  OF  FOREST  LAKES  AND  STREAMS 

Although  the  primary  emphasis    in  this  analysis  is  upon  upland 
forest  game,    the  production  of  fish  and  other  aquatic  life  must  not   be 
overlooked.      It  is  for  the  biologist  to  determine  which  fish  survive  and 
develop  best  in  the  various  waters  and  how  they  should  be  managed. 
However,    the  forester  has  the  responsibility  of  managing  so  as  to 
preserve  good  lake  and  stream  conditions. 

One  of  the  forester's  problems  is  to  develop  and  maintain  timber- 
cutting  practices  that  reduce  harmful  sediments.      Primary  among  these 
are  the  planning  and  installation  of  roads  and  stream  crossings  which 
will  minimize  the  debris  from  roads  and  road  banks  and  interfere    as 
little  as  possible  with  the  stream  itself. 

Another  problem  is  the  felling  of  timber  into  streams.      While  this 
usually  is  not  serious,    it  may  in  some  places   disturb  spawning  grounds 
or  impede  normal  flow  of  water  by  allowing   debris  to  pile   up    and    dam 
stream  s. 


Figure  4.  --Water  plays  a  major  role  in  the  lives  of  game,    forests,    and 
vegetation.     It   also   provides    recreation,    all-important   in   this    day   of 
shorter  work  hours  and  outdoor  emphasis.    (Photo  by  Louisiana  Wild  Life 
and  Fisheries  Commission) 
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Where   summer  temperatures  are  high,    it  is  important  that  por- 
tions of  forest  streams  and  the  edges  of  lakes  be  protected  from  direct 
sunlight.      Excessive  heating  of  the  water  causes  biological  disturbance 
which  may  be  harmful  to  fish. 

The  effects  of  plant-killing  chemicals  on  aquatic  life  are  a  com- 
mon problem  of  the  biologist  and  the  forester.      Particular  attention 
must  be  paid  to  watershed  requirements  when  dealing   with  combined 
timber,    grazing,    and  wildlife  management.      Although  no  research  is 
recommended  now,    much  of  the  other  work  on  general  forest  problems 
will  have   some  bearing  on  forest  lakes  and  streams.      Research  workers 
should  be  alert  to  these  influences  and  point  them  out  to  management. 
Special  problems  may  arise  where  research  will  be  required. 
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SUMMARY  OF  RESEARCH  NEEDS 

This   summary  is   prepared  in  outline  form,    and  studies  are  listed 
under  the  following  headings: 

Wildlife  food  production  and  nutrient  value 

Forage   utilization  and  condition  and  trend  of  vegetation 

Range  measurement  techniques 

Requirements  of  wildlife  for  food  and  cover 

Integration  of  wildlife  and  timber  management 

Special  measuies  for  improvement  of  wildlife  habitat 

Wildlife  damage  to  the  forest 

Competition  between  game  animals  and  with  livestock. 

It  is  inevitable  that  under  broad  subjects,    studies  may  relate  to 
one  or  more  headings;  for   example,    range  management  techniques  are 
used  to  determine  forage  utilization,    and  special  measures  to  improve 
the  habitat  are   designed  to  improve  wildlife  food  production.      However, 
these  groupings  are  intended  to  segregate  the  suggested  studies  into  some- 
what similar  fields. 

The   studies  listed  are  not  designed  to  become  the  titles  of  specific 
formal  studies  or  of  specific  projects  but  are  suggestive  as  to  lines  of  in- 
vestigation that  are  needed  to  answer  some  of  the  problems.      Since  this 
analysis   covers   so  broad  a  territory,    an  investigator  will  find  it  necessary 
to  determine  the   studies  that  are  needed  for  his  locality  and  to  fit  his  work 
to  the  local  condition. 

The  priorities  under  which  the   studies  are  listed  are  based  prima- 
rily upon  an  opinion  as  to  timing.      That  is,    studies   under  A  priority  often 
may  need  to  be   done  before   B  or   C   studies   can  be  undertaken.      This  will 
not  always  be  true,    however,    as  the  approach  made  by  the  individual  in- 
vestigator may  alter  these  priorities  altogether.      The  priorities  as  well 
as  the  studies   should  be  considered  as  suggestions  to  be   used  as  a  check- 
list in  formulating  a  local  plan  for  wildlife  habitat  research. 
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Wildlife  Food  Production  and  Nutrient  Value 

Objective.  --  To   measure    yield,    nutrient   value,    and   the   factors 
which  influence  the  yield  and  nutrient  value  of  wildlife    food   produced  by 
the  forest  habitat. 

Priority  A 

Deer    forage    production   in    relation    to    forest    type    and 

timber  stand  structure. 
Mast  production  of  trees  to  within  known  limits  of  error. 
Application  of  mast  yield    of    individual    trees    to  animal 

carrying  capacity  on  an  areal  basis. 
Analysis  and  description  of  forage  production  capability 

of  important  forest-forage  types. 

Priority  B 

Seasonal  variations  in  volume  and  nutrient  value  of  key 

wildlife  food  species. 
The    effect    of  shade    upon   palatability,    succulence,    and 

nutrient  content  of  selected  game  food  species. 

Prioiity  C 

Effect  of  interior  boundaries  between  pine  and  hardwoods 
upon  composition  and  growth  of  game  food  species  in 
the  pine-hardwood  forests. 

Winter  reserves  of  squirrel  food. 

Carrying  capacity  of  turkey  range   during  critical  periods. 
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Forage  Utilization  and  Condition  and  Trend  of  Vegetation 

Objective.  --To  measure  and  describe  the   utilization  of  forage 
plants  in  the  important  forest-forage  types  and  to  determine  the  effects 
of  various  degrees  of  utilization  and  seasons  of  use  on  the  condition  and 
trend  of  the  vegetation. 

Priority  A 

Seasonal  variation  in  utilization  of  key  forage  plants  by 
deer. 

Utilization  of  key  forage   species  by  deer  during  the 

critical  season  in  relation  to  condition  and  trend  of 
the  vegetation. 

Development  of  criteria  for  determining  trend  of  vege- 
tation for  the  important  forest-forage  types. 

Priority  B 

Effect  of  varying  degrees  of  utilization  on  important 

forage  plants,    as   determined  by  clipping. 
Comparison  of  utilization  of  forage  plants  by  deer,    with 

and  without  mast  available. 
Utilization  of  key  forage  species  in  relation  to  soil  and 

forest  types. 

Priority  C 

Phenological  and  physiological  changes  brought  about  by 
shading  of  key  wildlife  food  species. 

Utilization  of  forage  in  relation  to  prescribed  burning  in 
the  forest. 

Requirements  of  key  game  food  plants  for  light,    moisture, 
and  soil  fertility. 

Comparison  of  utilization  of  forage  by  deer  with  and  with- 
out supplemental  feed. 
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Range  Measurement  Techniques 

Objective.  --To  adapt  or  develop  techniques  for  measuring  the 
production  of  food  and  forage  plants,    their   utilization  by  animals,    and 
the  trends  in  range  condition  resulting  from  animal  use  and  from   compe 
tition  with  other  plants. 

Priority  A 

Adaptation  of  methods  to  obtain  an  accurate  measure  of 

forage   use  by  deer. 
Development  of  guides  by  which  deer  and  cattle  utilization 

may  be  recognized  on  combined-use  ranges. 
Design  of  procedures  for  estimating  mast  production 

within  known  limits  of  error  in  terms  of  animal 

carrying  capacity. 
Comparison  of  an  adaptation  of  a  line  transect  method 

of  measuring  vegetation  with  the  weight  method   on 

clipped  plots  in  the  Ozarks. 

Priority  B 

Development   of  techniques  for  determining  the  carrying 
capacity  of  an  area  for  squirrels. 
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Requirements  of  Wildlife  for  Food  and  Cover 

The  following  problems  are  not  forest  habitat  research,     but   are 
important  biological  questions  which  need  to  be   solved  by  biologists  be- 
fore habitat  research  can  make  much  progress.      They  are  listed  here  to 
emphasize  the  close  interdependence  of  research  in  animal  biology   and 
forest  habitat.      Because  of  the   dependence  of  habitat  research  upon    the 
answers  to  these  biological  problems,    all  are  considered  to  be  A  priority. 

Adaptability  of  selected  wildlife  species  to  changes  in 

habitat  brought  about  by  various  forest  management 

practices. 
Nutritional  requirements  of  important  wildlife   species. 
Response  of  animals  to  soil  type. 
Nutritional  requirements  of  does  in  relation  to  breeding 

and  fawn       production. 
Minimum  requirements  of  important  game  species  for 

supplemental  feed  in  critical  seasons. 
The  place  of  mast  in  the  diet  of  deer  and  the  response  of 

deer  to  presence  or  absence  of  mast  when  adequate 

forage  is  available. 
Adaptability  of  selected  animals  to  changes  in  nesting  or 

denning  aspects  of  the  habitat  and  need  for  den  trees 

or   den  boxes   or   other  artificial  cover. 
Procedures  for  estimating  animal  numbers  within  known 

limits   of  error. 
Seasonal  food  habits  of  important  game  species. 
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Integration  of  Wildlife  and  Timber  Management 
. . , 

Objective,  --To  determine  how  modification  in  the  structure  of  the 
timber   stand  and  in  silvicultural  practices  will  affect  the  occurrence, 
composition,    volume,    and  quality  of  wildlife  food  and  cover. 

Priority  A 

Effects  of  various  timber   stand  improvement  practices   upon 
total  and  seasonal  production  of  wildlife  food. 

Ecological  development  of  forage  in  relation  to  the  growth 
and  development  of  even-aged  pine  stands. 

Effect  of  variations  in  timber  stand  structure  upon  the  oc- 
currence, composition,  volume,  and  forage  quality  of 
grasses,    forbs,    and  browse. 

Effect  of  variation  in  timber   stand  structure   upon  the  mast 
production  of  oaks  of   various  species  and  age  classes. 

Effect  of  variation  in  timber  stand  structure  upon  production 
of  pine  seeds.      (Should  be  corollary  to  forest  manage- 
ment studies.) 

Priority  B 

Effect  of  the  size  of  area  opened  by  timber  harvest  upon 
wildlife  food  production. 

Analysis  of  timber  management  practices  in  terms  of  cost 
of  game  production  measures. 

Effect  of  various  logging  practices   upon  wildlife  food  and 
cover. 

Effect  of  variation  in  timber   stand  structure  upon  the  pro- 
duction of  mast  by  understory  trees  like  sumac,    holly, 
and  dogwood. 

Priority  C 

Comparison  of  volume  and  nutrient  value  of  fora.ge  produced 
under  even-aged  and  all-aged  management  in  pine  types. 

A  comparison  of  long  and  short  timber  cutting  cycles  in 
relation  to  stability  of  wildlife  populations. 
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Special  Measures  For  Improvement  of  Wildlife  Habitat 

Objective,  --To  develop  or  test  various  methods  of  manipulating 
the  forest  habitat  for  the  direct  benefit  of  wildlife. 

Priority  A 

Stimulation  of  growth  of  legumes  in  the  forest  understory. 
Use  of  fertilizer  in  stimulating  yield  and  improving  nutrient 

value  for   selected  wildlife  food  plants. 
Artificial  regeneration  of  selected  native  and  introduced 

food  plants  for  wildlife. 
Use  of  logging  roads  and  other  artificial  clearings  as  areas 

for  producing  wildlife  food. 
Selection  and  development  of  special  mast-bearing  forest 

trees  (beech,    Chinese  chestnut,    hazelnut,   chinquapin, etc. ) 

Priority  B 

Selection  and  development  of  native   understory  trees  (sumac, 
holly,   dogwood,    etc.  )  for  wildlife  food. 

Use  of  chemical  sprays  in  the   development  of  wildlife  food. 

Comparison  of  game   distribution  and  carrying  capacity  be- 
tween forest  areas  without  holms  and  with  varying  holm 
patterns. 

Wildlife  food  production  in  relation  to  holm  location  and 
blackjack  ridges,    pine  flats,    and  branch  heads  in  the 
Coastal  longleaf- slash  pine  types. 

Cost  of  various  types  of  game  holms  in  terms  of  compara- 
tive timber  production  from   similar  areas. 

Priority  C 

Effect  of  various  types  of  prescribed  burning  upon  wildlife 
food.      (Normally  should  be  corollary  to  prescribed- 
burning  studies  in  silviculture.  ) 

Management  of  wildlife  holms  to  provide  stages  of  suc- 
cession complementary  in  game  food  to  the  surrounding 
forest. 

Supplemental  feeding  as  an  aid  in  preserving  the  habitat 
during   severe  conditions. 
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Wildlife  Damage  to  the  Forest 

Objective.  --To  study  wildlife  damage  to  the  forest  and  to  devise 
means  of  preventing  or  minimizing   damage. 

Priority  A 

Deer  population  and  distribution  in  relation  to  season  and 
severity  of  damage  to  natural  forest  reproduction. 

Priority  B 

Methods  of  preventing  deer  grazing  damage  to  seedlings. 
Use  of  repellents  on  nursery  stock  to  prevent  damage  to 
young  plantations  by  deer. 


Competition  Between  Game  Animals  and  With  Livestock 

Objective.  --To  obtain  a  better  understanding  of  the  interrelations 
between  the  various  animals  using  the  forest  habitat  and  to  determine  the 
effect  of  the  competition  between  these  animals   upon  the  forest  habitat. 

Priority  B 

Effects  of  combined  grazing  by  cattle  and  deer  upon  key 
forage  plant  communities. 

Priority  C 

Hog-deer  competition  for  oak  mast. 

Effects  of  woodlot  grazing   upon  squirrel  food. 
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Habitat  Problems  of  Some  Important  Wildlife  Species 

Objective.  --To  obtain  answers  to  some  problems   unique  to  certain 
epecies  in  their  use  of  the  forest  habitat. 

Priority  A 

Food  preferences  and  forage  utilization  by  known  numbers 
of  deer  at  various  seasons  and  levels  of  grazing 
pressure. 

Priority  B 

Wild  turkey  requirements  in  relation  to  potential  turkey 

range. 
Effect  of  various  silvicultural  practices  upon  turkey 

nesting  and  poult  survival. 
Effect  of  timber  stand  structure  and  silvicultural  practices 

upon  population  and  distribution  of  quail  in  the  forest. 
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EVALUATING  SUMMER  WATER  DEFICIENCIES 

Robert  Zahner 
Southern  Forest  Experiment  Station 


Of  all  the  raw  materials  used  by  a  tree  in  its  growth  and  mainte- 
nance, that  required  in  the  largest  amount  is  water.  Drought,  there- 
fore,   can  be  as   serious  to  the  forester  as  to  the  farmer. 

It  is  important  that  the  practicing  forester  understand  what 
drought  is  and  how  to  evaluate  its  intensity.  He  already  has  indirect 
measures  of  dry  years,  such  as  the  number  of  days  without  rain  or  the 
number  of  inches  less  than  normal  rainfall.  But  a  more  basic  measure 
is  needed,  a  comparison  between  the  water  required  and  water  available 
and  actually    supplied   to   forest    trees. 

This  paper  describes  a  method  for  measuring  water  deficiencies. 
Emphasis  is  placed  on  the  upland  pine-hardwood  forests  of  the  mid- 
South,  but  with  a  little  modification  the  method  can  be  adapted  to  many 
forest  areas  in  the  country. 

Basically,  the  story  is  simple.  Water  for  forest  requirements 
comes  from  moisture  stored  in  the  soil.  When  this  moisture  is  not  re- 
plenished by  rainfall,  deficiencies  occur.  Correct  analysis  of  soil- 
moisture  storage  and   depletion  is  necessary   to  evaluate    the  deficiency. 

Readers  who  are  interested  in  some  of  the  applications  of  calcu- 
lated water  deficiencies,  but  who  do  not  wish  to  read  through  the  details 
of  theory  and  procedure,    may  turn  directly  to  page    9. 


BACKGROUND  AND  DEFINITIONS 

Before  water   deficiency  can  be   explained,    other  more  basic  defi- 
nitions must  be   understood. 

Evapo-transpiration.  --Large  quantities  of  water  are  removed 
from  the   soil  by  forest  stands.      The  bulk  of  this  water,    however,    is  not 
used  by  the  trees  in  the  manufacture  of  food  or  in  the  formation  of  wood. 
It  is  transpired  through  the  leaves  into  the  atmosphere.      This  water  loss, 
combined  with  evaporation  directly  from  the  ground  surface,    is  evapo- 
transpiration,  J_  / 

When  evapo-transpiration  is  occurring  at  its  maximum   rate,    it  is 
supplying  all  the  water  that  can  be  absorbed  by  the  atmosphere   under 
existing  weather  conditions.      Early  workers   called  this  maximum  rate 
"the  evaporating  power  of  the  air"  (7,    8,    11,    12,    15,    28). _W     A  better 
term  for  maximum  water  loss  is  potential  evapo-transpiration,    which 
has  been  defined  as  the  amount  of  water  that  will  be  lost  from  a  land 
surface  completely  covered  with  vegetation  if  there  is  ample  water  in  the 
soil  at  all  times  for  the  use  of  the  vegetation  (14,    18,     19.    20).      The 
energy  for  potential  evapo-transpiration  is  present  in  the  atmosphere 
whether  or  not  vegetation  and  soil  moisture  are  actually  adequate  for 
maximum   evapo-transpiration.      The  potential,    therefore,    is  the  atmos- 
pheric demand  for  water. 

Water  need  and  supply.  --Rainfall  alone  is  not  a  very  meaningful 
indicator  of  a  wet  or   dry  period.      The   water  need  of  a  forested  area 
must  be  considered  along  with  the  water   supply.      The  need  is  the  amount 
of  water  that  would  be  evapo-transpired  if  the  energy  of  potential  evapo- 
transpiration  were  completely  utilized.      The   supply  is  the  amount 
actually  moving  out  of  the   soil  into  the  air.      The  water  thus  moving  may 
come  from   current  rainfall,    or  it  may  have  been  stored  in  the   soil  from 
previous  months. 

In  the  mid-South  the   distribution  of  rainfall  does  not  coincide 
with  water  needs.      Because  the  need  during  the  winter  months  is  low, 


1/     Suggested  for  more   detailed  reading  is  H.    W.    Lull's   compilation  of 
related  literature,    Evapo-transpiration:     Excerpts  from  Selected 
References.      U.    S.    Forest  Service  South.    Forest  Expt.    Sta.    Occas. 
Paper   131,    117  pp.      1953. 

2/     Underscored  numbers  in  parentheses   refer  to  Literature   Cited, 

p0    16. 
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long  periods  without  rain  show  no  deficiencies  and  are  of  little  conse- 
quence.    It  is  with  the  summer  period  that  the  forester  is  concerned. 
At  this  time,    actual  evapo-transpiration  can  equal  the  high  potential 
only  when  the  soil  is  very  moist.      As  the  moisture  in  the  soil  is  re- 
duced,   the  actual  amount  of  water  evapo-transpired  falls  far  below 
that  which  could  potentially  be  passed  into  the  atmosphere  if  ample 
moisture  were  available. 

Water  deficiency.  --During  any  period  when  the  forest  soil  can- 
not supply  the  full  amount  of  water  which  the  energy  of  potential  evapo- 
transpiration  could  move  into  the  atmosphere,    there  is  a  deficiency. 
The  magnitude  of  the  deficiency  may  be  so  small  that  it  has  no  serious 
effect  on  forest  growth  and  behavior.      On  the  other  hand,    it  can  become 
quite  large,    with  correspondingly  disastrous  effects.      To  evaluate  the 
deficiency,    both  the  potential  evapo-transpiration  (the  water  need)  and 
the  actual  evapo-transpiration  (the  water  supply^  must  be  known.      The 
numerical  difference  between  the  two  can  be  termed  the  water  deficiency. 

Source  of  water.  --In  the  upland  pine-hardwood  forests  of  the 
mid-South,    the  total  water  available  to  tree  roots  usually  is  only  that 
held  in  storage  by  the  soil  particles  themselves.     Additional  sources, 
such  as  lateral  underground  seepage  or  shallow  water  tables,    are 
generally  absent.      The  amount  of  stored  water  varies  with  soil  texture 
and  structure,    with  thickness  of  different  soil  horizons,    and  with  other 
soil  characteristics. 

When  rain  has   wet  the   soil  for  the  entire  depth  of  the  root  zone, 
and  after  excess  water  has  drained  away,    the  quantity  of  available 
water  under  a  forest  stand  may  vary  on  different  soils  from  the  equiva- 
lent of  only  about  5  inches  of  rainfall  to  as  much  as   15  inches. 

Evapo-transpiration  occurs  at  its  maximum  rate  when  the   soil 
is  at  maximum  storage  capacity.     At  this  level,    water  is  held  only 
loosely  by  the  soil,    and  is  easily  removed.     As  the  soil  is  depleted  of 
moisture,    the  remaining  water  is  held  ever  more  tightly  by  individual 
soil  particles,    and  the  rate  of  evapo-transpiration  decreases  pro- 
portionately (1,    10,    17,    30,    31).     As  the  soil  approaches  wilting  point, 
during  long  periods  without  rain,    actual  evapo-transpiration  becomes 
negligible.      With  each  rainfall,    the  rate  of  evapo-transpiration  picks 
up  immediately. 

ESTIMATING  THE  WATER  NEED 

The  evaporating  potential  of  the  atmosphere  is  difficult  to 
measure  directly.     Although  solar  radiation  is  the  source  of  energy, 
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many  factor  s  -  ~  e.  g„  ,    air  temperature,    humidity,    barometric  pressure, 
and  wind-=modify  the   rate  of  evapo- transpiration.      Transeau's  (28) 
precipitation-evaporation  ratio  was  an  early  attempt  to  find  a  climatic 
indicator  of  this  energy.      In  measuring  the  evaporating  potential,    other 
investigators  have  constructed  indices  involving  complex  moisture- 
temperature  relations  and  vapor-pressure   deficits  (7,     12). 

Units  of  moisture-temperature  indices  and  vapor-pressure 
deficits,    however,    are  difficult  to  apply.      Thornthwaite  (20)  has  de- 
veloped an  empirical  method  for  calculating  potential  evapo-transpiration 
from  air- temperature  data  alone.      His   units  of  measure  for  potential 
evapo-transpiration  are  readily  converted  into  inches  of  water,    the 
standard  measure  of  rainfall  and  other  water-cycle  variables,     Thornth- 
waite's  method  has  found  many  practical  applications  (4,    6,    13,    21,    22, 
2  3,    24,    25,    27,    29).  ~    ~ 

From   Thornthwaite' s  (20)  method,    it  is  apparent  that  the  climate 
of  the  mid-South  is   sufficiently  uniform  to  yield  a  nearly  constant  value 
for  normal  potential  evapo-transpiration  over  the  whole  of  the  forested 
Gulf  Coastal  Plain  area  from  Alabama  to  Texas.     According  to  the 
method,    the  average  monthly  potential  evapo-transpiration  for  five  wide- 
ly separated  locations  (Crockett,    Texas;  Hammond,    Louisiana;   Crossett, 
Arkansas;   Tupelo,    Mississippi;  and  Selma,    Alabama)  is   6.  7  ^_  0„  4  inches 
for  June,    July,    and  August.      Monthly  variation  within  the  summer 
season  is   small. 

There  is  evidence  that  Thornthwaite '  s  method  may  underestimate 
the   summer  water  need  in  the  mid-South.      Forest  stands  in  south 
Arkansas  have  been  found  to  remove  from  the   soil  more  than  a  quarter  - 
inch  of  water  per  day  through  evapo-transpiration  (16,    31,    32).      Un- 
published data  of  summer  soil-moisture   depletion  by  upland  forests  in 
Mississippi  and  in  east  Texas   substantiate  this  figure.      It  would  appear 
that  the  water  need  during  June,    July,    and  August  is  about  8  inches  per 
month,    and  in  the  calculations  outlined  in  this  paper,    this  figure  will 
be   used  in  preference  to  the  lower  one  (6.  7  +  0.  4  inches)  obtained  by 
Thornthwaite '  s  method. 

Along  with  the  hot  summer  months,    the  latter  part  of  the  warming 
period  in  the   spring   and  the  early  part  of  the  cooling  period  in  the  fall 
are  important.      Calculations  by  Thornthwaite '  s  method  from  mid-South 
weather  data  show  that  the  water  need  for  May  and  September  is  about  5 
inches  for  each  month.      That  for  October  is  half  this  amount,    or  about 
2.  5  inches.      These  figures  are  in  close  agreement  with  measured  rates, 
and  will  be   used  in  calculations  of  water  deficiencies. 
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All  values  for  water    needs    are    estimates  only,    and  are    subject 
to   modification  as  experience    and   further    investigation   warrant. 


ESTIMATING  ACTUAL  EVAPO- TRANSPIRATION 

In  contrast  to  potential  evapo- transpiration,    actual  evapo-transpi- 
ration  is  a   highly  variable  factor.      During  the   summer,    when  the   water 
need  is  normally  greater  than  rainfall,    actual  evapo-transpiration  is 
equal  to  current  rainfall  plus  changes  in  soil  water  storage.      In  June,  for 
example,    if  rainfall  is  3  inches  and  soil  water  storage  is  reduced  3  more 
inches,    actual  evapo-transpiration  has   supplied  the  atmosphere  with  6 
inches  of  water.     Ignoring  runoff,    all  rainfall  of  less  than  8  inches  for 
June,    July,    and  August,    of  less  than   5  inches  for  May  and  September,    and 
of  less  than  2.  5  inches  for  October,    is  used  in  evapo-transpiration  during 
these  months.      Water  entering  the  ground  is  only  momentarily  stored. 
Trees   soon  remove  it  in  transpiration.      Even  intercepted  rainfall,    al- 
though never  entering  the   soil,    is   evaporated  directly  from  forest  crowns 
and  litter  and  is  utilized  in  actual  evapo-transpiration. 

During  long  periods  without  ram,     actual    evapo-transpiration 
cannot   keep    pace    with  the  water  need.      A   forest    can   meet   large    water 
demands  for  a  short    time  with   the  reserves  stored  in  the  soil,    but    soon 
stored   water  makes  up    only  a  part  of    the    water  need,    and   this  part   be- 
comes ever    smaller    as    the    soil    dries. 

Although  there  is  some  variation  with  soil  type,  for  practical 
consideration  it  can  be  assumed  that  the  rate  of  moisture  depletion  by 
upland  pine -hardwood  forests  is  directly  proportional  to  the  moisture 
content  of  the  surface  six  feet  of  soil- -the  effective  root  zone.  For 
example,  when  a  soil  which  is  capable  of  holding  10  inches  of  water  in 
the  root  zone  is  depleted  of  all  but  five  inches,  the  rate  of  actual  evapo- 
transpiration    should   be    about    half  the   maximum    rate. 

CALCULATING  DEFICIENCIES 

A    detailed   account    of   what   is  happening  to  the    balance    between 
supply  and  demand  for   water  in   any   particular  location  can  be  kept   as 
a  bookkeeping  procedure.     As  Thornthwaite  and  Mather  (27,    p.    350) 
state,    "The  moisture  in  the  soil  may  be  regarded  as  a   bank   account. 
Precipitation  adds  to  the  account;  evapotranspiration  withdraws  from 
it."     With  irrigation,    the  farmer    can   keep    his    books    balanced,      The 
forester,     although    without    irrigation,     would   like    to   keep  an  accurate 
account  of  the  deficits. 


Sample  computation,,  --Summer  water  deficiencies  can  fee  system- 
atically   computed   by    employing    the    basic    concepts    discussed   above. 
The  following  procedure  has  been  adapted  from  Thornthwaite     et  al. 
(2b,    27),    for   special  use  by  foresters  in  the  mid-South.      The   raw  data 
necessary  are  rainfall  records  and  the  approximate   soil  moisture 
storage   capacity  of  the   site   under  consideration. 

To  illustrate  the  method,    a  sample  computation  is  presented  on 
p.    7,    using  hypothetical  rainfall  and  soil  storage   data.      In  the   step-by- 
step  explanation,    the  reader  may  find  it  helpful  to  follow  the  procedure 
by  means  of  the  bar   diagram,      Water  needs  for  the  mid-South  are  given 
each  month.      Actual  evapo- transpiration  is  assumed  equal  to  these  water 
needs  during  those  months  in  which  rainfall  is  equal  to  or  greater  than 
the  need--as  in  May,    August,    and  October,    in  this  example.      When 
rainfall  is  less  than  the  need,    as  in  June,    July,    and  September,    then 
actual  evapo-transpiration  is   equal  to  the  sum  of  rainfall  plus  the 
change  in  soil  moisture   storage.      Usually  soil  storage  cannot  complete- 
ly make   up  the   difference,    and  the  part  not  made  up  is  the   deficiency. 

The  actual  amount  of  water   supplied  by  the   soil   during  a  par- 
ticular month  depends   on  the   storage  capacity  of  the   soil  and  on  how 
much  depletion  has  occurred  during  previous  months.      These  values  are 
taken  from  table    1,    which  has  been  constructed  to  simplify  computations. 
This  table  is  based  on  the  premise  that  the  amount  of  water  supplied 
from   soil  storage  becomes  proportionally  less  as  the  soil  dries;  it  shows 
amounts  of  water  actually  supplied  by  soil  storage  for  any  amount  of 
water  need  in  excess  of  rainfall.      For  comparisons  between  specific 
sites  of  known  storage,    the  table   gives  water  supplied  by  soils  of  four 
different  storage   capacities- =  6,    8,     10,    and  12  inches.      In  this  example, 
as  for  most  practical  purposes,    an  "average"   storage  capacity  of  1  0 
inches  of  water  is  assumed. 

The  application  of  table    1   requires   some  explanation.      In  the 
example,    7,  5  inches  of  water  are  required  during  June  for  maximum 
evapo-transpiration.      Reading  down  the   10-inch  maximum   storage 
column  in  table   1,    it  is   seen  that  the   soil  can  supply  5.  3  inches.      In 
July,    5.  5  inches  are  lequired.      Now  computations  must  account  for  the 
accumulated  two-month  difference  between  rainfall  and  the  water  need. 
This  is   13.  0  inches,    made  up  of  7.  5  for  June  and  5.  5  for  July.      Table    1 
shows  that  the   soil  can  supply  7.  3  inches  toward  a   13,  0  need.       But  5,  3 
inches  of  this  has  previously  been  supplied  during  June,    which  leaves 
only  2.  0  inches  to  be   used  in  July,      This  accumulated  effect  may  con- 
tinue,   with  the  soil  becoming  ever  drier,    supplying  less  and  less  water 
for  actual  evapo-transpiration,    as  long  as  rainfall  is  below  the  water 
need. 


-    6 


MAY   JUNE  JULY   AUG   SEPT   OCT 


Rainfall  used  in  evapo-transpiration 
xfSoil  storage  used   in  evapo-transpiration. 
Rainfall  used  in  soil  storage  recharge 
Excess  rainfall 
Water  deficiency 


WATER  NEEDS,  SUPPLIES,  AND  DEFICIENCIES 
FOR  THE  SAMPLE  COMPUTATIONS  AT  THE 
RIGHT 


CALCULATION  OF  WATER  DEFICIENCY  ON  A 
HYPOTHETICAL  FORESTED  SITE  WITH  A  MAXIMUM 
SOIL    STORAGE   OF    TEN    INCHES 
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Table   1.  --Relationship  between  water  required  and  the  water  actually  supplied  by  storage. 
Water  required  is  the  accumulated  difference  between  rainfall  and  need 
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August  shows  no  deficit,    since  rainfall  is  greater  than  the  need. 
September  again  requires  water  from  soil  storage.      The  accumulated 
difference  between  need  and  rainfall  is  now  13.  5  inches,    made  up  of 
13.  0  inches  from  June  and  July,    minus  the   0.  5-inch  recharge  in  August, 
plus   1.  0  inch  in  September.      Table   1   shows  that  the  soil  can  supply  7.  5 
inches  of  this  total.      However,    7.  3  inches  of  this  have  previously  been 
used  during  June  and  July,    leaving  only  0.  2  inch  for  use  in  September. 

The  winter  months  have  very  low  water  needs.      Rainfall  in 
excess  of  the  need  goes  into  soil  storage  recharge  until  the  full  10-inch 
capacity  is   reached.      Further  excess   rainfall  then  is  lost  through  runoff 
and  internal  drainage. 

Effect  of  runoff.  --In  the  discussion  above,    it  has  been  assumed 
that  no  runoff  occurs  when  precipitation  is  below  the  potential  evapo- 
transpiration.      In  the  example  just  given,    it  was  assumed  that  all  of  the 
rainfall  of  0.  5  inch  in  June  and  2.  5  inches  in  July  entered  the  ground  or 
was  intercepted  by  foliage  and  litter.      The  total  3.  0  inches,    therefore, 
was  assumed  available  for  actual  evapo- transpiration  during  June  and 
July. 

Depending  on  the  intensity  of  showers,    some  of  the  rainfall 
during  the  growing   season  is  actually  lost  as   runoff.      This  amount  is 
usually  small,    however,    and  in  most  summer   showers  on  dry  forested 
uplands  of  the  mid-South  can  be  ignored  for  practical  purposes.      In 
any  case,    water  lost  through  runoff  is  not  available  for  actual  evapo- 
transpiration.      The  assumption  that  there  is  no  runoff  during  the  grow- 
ing season  therefore  results  in  a  conservative  estimate  of  the  actual 
water  deficiency. 


APPLICATIONS 

The  evaluation  of  water  deficiencies  has  real  meaning  when 
applied  under  specific  conditions.      Two  variables  affect  deficiencies: 
soil  and  weather  conditions.      The  latter  changes  with  time  and  place; 
i.  e.  ,    from  yea,r  to  year  and  from  one  geographic  location  to  another. 
When  time  and  geographic  regions  are  held  constant,    it  is  possible  to 
evaluate  water  deficiencies  of  various  sites  within  a  region.      When  a 
site  within  a  region  is  held  constant,    comparisons  of  deficiencies  are 
possible  among  years,    or  even  among  months.      Thus,    it  is  possible 
to  evaluate  water  deficiencies  for  many  combinations  or  circumstances 
within  the  mid-South  area.     Following  are  some  examples  of  how  cal- 
culated deficiencies  can  be  applied  to  specific  cases. 


Comparison  among  sites.  --As  emphasized  earlier,    the  amount 
of  stored  water  available  for  forest  consumption  varies  greatly  from 
site  to  site.      The  greater  the  amount  of  stored  water,    the  longer  the 
forest  can  supply  the  atmospheric         gf 
demand  for  water  during  the  sum- 
mer period,    and  the  smaller  the 
deficiency.     Figure  1  illustrates 
this  principle  for  two  sites  on  the 
Crossett  Experimental  Forest  in 
south  Arkansas.     Normal  rainfall 
data   were  used  in  computing    the 
deficiencies,    so  that  the    average 
effects  of  the  two  sites    might   be 
compared. 

The  site  storing   12  inches 
of  available  water  in  the  root  zone 
suffers  a  deficiency  of   nearly      7 
inches  during  a  normal  summer. 
In  contrast,    the  deficiency  of  an 
adjoining  site  storing  only  6  inches 
of  water  is  40  percent  greater-- 
10  inches  of  water.      On  the  latter 
site,    a  deficiency  normally  begins 
in  May,    whereas  on  the  site  stor- 
ing more  water,    soil  storage  sup- 
plies the  May  requirements. 

During  a   normal  summer, 
all  stored  water  is  not  used  on  the 
site  storing  12  inches  of  water, 
and  wilting  point  is  not  reached. 
On  the  site  storing  only  6  inches 
of  available  water,    however,    wilt- 
ing point  is  closely  approached. 

As  has  been  mentioned,    recharge  of  depleted  soil  water  begins 
only  after  the  demand  by  potential  evapo-transpiration  becomes  less  than 
is  supplied  by  rainfall.     For  the  Crossett  area,    recharge  by  rainfall  does 
not  normally  begin  before  October.     Assuming  no  runoff,    all  rain  falling 
on  the  site  storing  12  inches  of  water  goes  into  the  ground  as  storage  until 
late  December,  when,    in  a  normal  year,    recharge  has  completely  replaced 
the  8.  2  inches  of  depleted  storage.      This  normal  recharge  occurs  by  early 
December  on  the  site  which  stores  only  6  inches  of  available  water,    as 


MJJASO  MJJASO 

6  inches  soil  storage  12  inches  soil  storage 

| Rainfall  used  in  evapo-transpiration 
^jSoi!  storage  used   in  evapo-transpiration 

Rainfall  used  in  soil   storage  recharge 

Water   deficiency. 

Figure  1. --Water  needs  and  supplies 
for  a  normal  summer  at  Crossett  on 
two    sites,    one  storing    6  inches    and 
one    storing    12    inches    of   available 
water    in   the    root    zone. 
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only  5.4  inches  of  stored  water  is  used.  After  recharge  of  the  soil,  rain- 
fall in  excess  of  potential  evapo-transpiration  is  surplus  water  and  is 
lost   to   both    sites    by   runoff   or    by   internal    drainage. 

Comparison  among  years.  --Figure   1   shows  that  water  deficien- 
cies of  about  7  inches  can  occur  on  a  good  site  in  the  mid-South  during  a 
normal   growing    season.      The   forester    is    quite    well    satisfied    with  a 
"normal"    year.      The    dry   year,    or    drought   year,    is    of   concern. 

Figure  2  shows  the  trends  of  precipitation  and  evapo-transpiration 
for    the    6-year   period   of    1950  through    1955  for  an  average    site    on   the 
Crossett   Experimental   Forest.      The    summers  of    1950    and    1951    were 
considered  wet,  those  of  1952,    1953,  and  1954  were  dry,  and  that  of  1955 
intermediate.      Winter  surpluses  did  not  vary  greatly  from  year  to  year, 
and  averaged  about  20  inches  after  soil  storage  recharge.      The  total  ex- 
cess of  nearly  120  inches  for  the  6-year  period  certainly  does  not  reveal 
the    severity   of   the    three    drought   years. 


['38  ^Rainfall  used    in  evapo-transpiration. 

fjx]  Soil  storage  used  in  evapo-transpiration 
f-ijRoinfall  used  in  soil  storage  recharge 
^Excess   rainfall 
^Water  deficiency. 
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Figure    2.  --Water   needs    and   supplies   for    1950-55   on  the    Crossett   Ex- 
perimental Forest.    Computations  were  made  for  a  site  storing  10  inches 
of  available    water    in   the    root    zone. 


Analyzed  season  by  season,    figure  2  reveals  outstanding  differ- 
ences in  water  deficiencies  for  the  Crossett  area  during  the  6-year 
period.      Deficiencies  varied  from  0.  7  inch  in  1950  to  16.  7  inches  in  1952. 
The  result  is  a  simple  quantitative  comparison  of  failures  to  meet  the 
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water  need  from  one  growing  season  to  another.  Wilting  point  of  the  soil 
on  this  average  site  was  closely  approached  in  all  years  except  1950  and 
1951.  Sixty-five  percent  of  available  soil  moisture  had  been  removed 
from  this  site  by  the  end  of  June  in  1952,  and  about  55  percent  had  been 
lost  by  this  date  in  1953  and  1954.  Ninety  percent  of  available  water  was 
used  during  all  three  years  by  the  end  of  August,  with  a  dry  September 
still   ahead  in   all    cases. 

Dry  periods  within  a  season  can  be  easily  delineated  andanalyzed 
in  detail.    For  example,  of  the  11.8-inch  deficiency  for  Crossett  in  1953, 
4.  8  inches    (40  percent)    occurred   during    September  and  October,    while 
only  3.7  inches  (30  percent)  occurred  during  June  and  July.  In  1952,    dry 
conditions  in   May  and   June  resulted  in  most  of   the    stored   water   being 
used  early  in  the  season,    a   circumstance    which   greatly  increased   de- 
ficiencies from  July  through   October.     Other    interesting    examples  are 
noted  in   June  of  1953  and  1954.      Even  though   monthly   rainfall  was  only 
about  one-half  inch  for  each  of  these  instances,    actual  monthly  deficien- 
cies were  not  high- -in  the    neighborhood  of  only   2  inches    each.  In  these 
periods  stored  soil  water  supplied  most  of  the  water  required  by  poten- 
tial evapo-transpiration,    thus  partly    compensating   for  the  lack  of  rain. 

Comparison  among  locations.  --  The  diagrams  in  figure  3  have 
been  constructed  from  weather  records  of  four  locations  throughout  the 
mid-South.  The  normal  trends  of  precipitation  and  evapo-transpiration 
are  compared  with  those  for  the  year  1954.     An   average  soil  storage  of 


■  Rainfall   used   in   evapo-transpiration 
yT|Soil  storage  used  in  evapo-transpiration 
[jJjRainfoll  used  in  soil  storage   recharge 
HE*cess   rainfall 
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Normal  1954 

Crockett,  Texas 


Normal  1954 

Hammond,  Louisiana 


Normal  1954 

Tupelo,  Mississippi 


Normal  1954 

Selma,  Alabama 


Figure    3„  --Water  needs  and  supplies  for   normal  conditions  and  for  the 
1954     season,  at   four    locations.      Computations    were    made   for    a    site 
storing    10    inches    of  available    water    in   the    root    zone. 
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10  inches  of  water  is  assumed  for  all  four  locations.      It  is  felt  that  this 
storage  capacity  is  representative  of  most  forested  areas  of  upland 
Coastal  Plain  soils  in  the  mid-South.      For  specific  sites,    summer  de- 
ficiencies will  be  more  or  less  severe  than  shown  in  the  figure,    depend- 
ing on  the  actual  amount  of  water  stored  in  the  root  zone. 

Crockett,    Texas,    normally  has  a  rather  large  water  deficiency, 
9,  5  inches,    whereas  Hammond,    Louisiana,    has  relatively  little,    2.  5 
inches.      More  than  80  percent  of  available  soil  water  is  used  during  the 
normal  summer  at  Crockett,    while  only  half  this  amount  is  used  at 
Hammond.     Forests  at  Tupelo,    Mississippi,    and  Selma,    Alabama, 
normally  use  about  75  percent  of  the  stored  water,    and  suffer  a  de- 
ficiency of  between  6  and  7  inches  of  water. 

During  the  summer  of  1954,    all  stations  except  Hammond  show 
severe  water  deficiencies,    with  Selma  having  the  largest  absolute  de- 
ficiency.    Although  Hammond  rainfall  was  less  than  one-half  inch   for 
August  1954,    soil  storage   supplied  most  of  the  8-inch  water  need,    and 
the  deficiency  was  only  3.  1  inches  for  the  month.     At  Selma,    low  rain- 
fall early  in  the  season  used  up  most  stored  water,    with  the  result  that 
continuing  dry  weather  accumulated  a  very  large  water  deficiency  in 
1954. 

In  terms  of  departure  from  normal,    the   1954  deficiency  at 
Crockett  was  not  so  severe  as  that  at  Selma  or  Tupelo.      Although  Tupelo 
had  a  smaller  absolute  deficiency  than  did  Crockett,    it  suffered  a 
greater  departure  from  normal.      Hammond  showed  only  minor  departure 
from  normal  deficiency  in  1954. 


EFFECTS  ON  FOREST  GROWTH 

This  paper  does  not  offer  experimental  evidence  of  the  effect  of 
summer  water  deficiencies  on  tree  growth.     Instead,    it  is  merely  in- 
tended to  present  a  useful  and  new  concept  of  how  summer  water  de- 
fiency  can  best  be  expressed.      Certain  generalizations  about  the  relation- 
ship between  tree  growth  and  water  deficiency  appear  in  order,    however. 

The  rate  of  forest  tree  growth  is  generally  known  to  be  related 
to  the  amount  of  available  water  in  the  soil  (2,    3,    5,    9).      There  is  in- 
creasing evidence  that  whenever  soil  moisture  is   deficient,    the  rate  of 
forest  growth  is  affected.      New  plantations  are  probably  affected  differ- 
ently than  stands  of  pulpwood  or  poles.      These  in  turn  may  be  affected 
differently  than  mature  timber. 
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It  is  not  yet  known  exactly  at  what  level  of  water  deficiency  forest 
growth  is  affected.      As  long  as  actual  evapo-transpiration  keeps  pace 
with  the  potential,    the  rate  of  growth  should  be  at  the  maximum  that  the 
other  factors  (e.  g.  ,    temperature,    nutrient  supply,    photoperiod)  will  allow. 
When  actual  evapo-transpiration  falls  below  the  potential,    then  the  water 
factor  theoretically  may  affect  growth.      Even  during  a  normal  year  in  the 
Crossett,    Crockett,    Tupelo,    or  Selma  areas,    for  example,    maximum 
growth  would  not  be  attained  during  the   June  through  September  period-- 
half  of  the  growing    season.      During   specific  years,    forest  growth  in  these 
areas  actually  is  proportionately  higher  or  lower  than  normal,    depending 
on  the  magnitude  of  water  deficiency. 

Comparisons  of  water  deficiencies  by  sites,    years,    and  geo- 
graphic locations  offer  possible  explanations  for   corresponding  differ- 
ences in  forest  behavior.      Thus  while  the  dry  summer  of  1954  was  felt  by 
forests  in  other  parts  of  the  mid-South,    growth  in  the  Hammond  area  may 
have   suffered  very  little  that  year.      Soil  storage  on  the  average  site  pro- 
vided all  but  a  very  little  of  the  water  required  during  the  one  dry  month. 
This  situation  extends  to  the  normal  year.      Normal  deficiencies  are  one- 
fourth  to  one-third  less  in  the  Hammond  area  than  in  the  Crockett,   Tupelo, 
or  Selma  areas.      Moreover,    calculations  show  that  a  soil  at  Hammond 
storing  only  6  inches  of  available  water  normally  suffers  a  smaller  water 
deficiency  than  a  soil  at  Crockett  which  stores   12  inches  of  water.    Forest 
growth  on  poor  soil  in  the  Hammond  area  might  therefore  be  as  much  as 
that  on  good  soil  in  the  Crockett  area.     Although  it  is  not  known  whether 
water  deficiency  is  largely  reflected  in  reduced  height  growth,    reduced 
diameter  growth,    or  both,    site  index  differences   can  probably  be  traced 
to  differential  water  deficiencies. 

Year-by-yeai    comparisons  of  deficiencies  on  the  average  site  in 
one  location  should  yield  corresponding  forest  growth  comparisons.      At 
Crossett,    for  instance,    water  relations  were  adequate  for  excellent 
growth  throughout  the   summer  of  1950.      During  the   summers  of   1952, 
1953,    and   1954,    however,    growth  was  adversely  affected  by  the  pro- 
portional amounts  of  the  respective  water  deficiencies.      In  1951,    growth 
may  not  have  been  affected  before  August,    for  there  was  no  deficiency  in 
June  and  July. 

Conservation  of  soil  moisture  through  stand  management- -control 
of  basal  area,    eradication  of  underbrush,    removal  of  cull  trees- -mini- 
mizes the  ill  effects  of  water  deficiency.      Further  investigations  may 
discover  practical  ways  of  overcoming  part  of  the   deficiency  felt  nearly 
every  summer  by  forests  of  the  mid-South. 
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SUMMARY 

Summer  water  deficiencies  of  upland  forest  land  can  be  evaluated 
only  when  the  water  need  is  compared  to  the  water  supply.      The  atmos- 
pheric potential  for  evapo-transpiration  is  a  measure  of  the  need.  Current 
rainfall  plus  stored  soil  water  make  up  the  supply.      This  paper  describes 
a  method  for   calculating  water  deficiencies  by  taking  into  account  these 
factors  of  need  and  supply. 

Normally,    summer  rainfall  in  many  parts  of  the  mid-South 
supplies  only  about  half  the  water  required  by  the  high  potential  evapo- 
transpiration.      Part  of  this  difference  is  made  up  by  water  stored  in  the 
soil  and  removed  by  forest  vegetation.      That  part  not  supplied  is  the  de- 
ficiency.     The  more  available  water  a  soil  inherently  stores  in  the  root 
zone,    the  less  the  deficiency  during  a  dry  summer  period. 

As  long  as  the  soil  is  moist,    it  supplies  a  large  portion  of  the 
difference  between  rainfall  and  the  water  requirements  of  the  atmosphere. 
As  the  soil  dries,    however,    it  supplies  less  and  less  water  for  evapo- 
transpiration,    and  the  deficiency  becomes  greater  and  greater.      During 
summer  droughts,    it  is  common  for  forest  land  to  build  up  deficiencies 
of  1 5  to  20  inches  of  water  in  the  mid-South. 

Because  the  water  need  is   considered  relatively  uniform  over 
large  areas  in  the  mid-South,    water  deficiencies  vary  primarily  with 
current  rainfall  and  soil  storage  capacities.      Using  a  minimum  of  data, 
it  is  possible  to  evaluate  and  compare  deficiencies  from  site  to  site, 
from  year  to  year,    and  from  geographic  location  to  location  within  the 
mid-South  region. 
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ROOTING  OF  COTTONWOOD  CUTTINGS.*/ 
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A  common  method  of  artificially  regenerating  Cottonwood 
(Populus  deltoides  Bartr.  )  is  with  hardwood  cuttings.  Sometimes  this 
method  has  been  very  satisfactory,  and  at  other  times  it  has  failed  al- 
most completely.  It  has  been  least  useful  on  upland  windbreak  sites 
and  not  entirely  successful  even  on  bottomlands  (3,     6,     !)._' 

In  the  research  reported  here,  rooting  was  studied  with  respect 
to  the  age  and  size  of  the  cuttings,  the  value  of  root-inducing  auxins, 
and  the  effect  of  various  soil-moisture  conditions.  Part  of  the  work 
was  done  at  the  Iowa  State  Forest  Nursery  and  part  in  the  greenhouses 
of   Iowa    State    College,     Ames,     Iowa. 


1/  This  work  was  financed  by  the  Iowa  Agricultural  Experiment  Station, 
Iowa  State  College,  Ames,  Iowa.  The  senior  author  is  now  employed 
by  the  Southern  Forest  Experiment  Station,  Forest  Service,  U.  S. 
Department  of  Agriculture. 

Many  of  the  results  reported  here  have  also  been  published  in 
Allen,  R.  M.  ,  and  McComb,  A.  L.  Uber  Faktoren,  die  die  Bewurzelung 
der  Stecklinge  von  der  Populus  deltoides  Bartr.  beeinflussen.  Zentral- 
blatt  fur  das  gesamte  Forstwesen  74:   199-220.      1955. 

2/     Underscored  numbers  in  parentheses    refer  to   Literature  Cited, 
p.      10. 


SIZE  AND  AGE  OF  CUTTINGS 

Methods.  —Employing  techniques  discussed  by  Doran  and  others 
(1,    4),    three    physical    characteristics  of   cuttings    were  studied:    age  of 
cutting    wood,    diameter  of   cutting,    and   length  of    cutting.     Ages    ranged 
from   1  to  4  years,    diameters  from  0.  3  to  1.  3  inches,    and  lengths  from 
6    to    18    inches. 

The  cuttings  for  the  age-of-wood  study  came  from  four-year-old 
wildings  growing  near  Des  Moines,  Iowa.  They  were  made  in  January 
1948  and  stored  in  moist  sand  at  approximately  40°  F.  until  planted  in 
April. 

Because  diameter  of  the  cutting,  as  well  as  age,  might  affect 
rooting,  two  experiments  dealing  with  age  were  established.  In  one, 
the  diameter  of  the  cutting  was  held  constant  for  all  ages, while  in  the 
other  the  diameters  (and  vigor  also)  were  the  average  for  each  age.  To 
obtain  cuttings  of  older  wood  with  the  same  diameter  as  cuttings  of  one- 
year-old  wood  for  the  constant- diameter  series,  it  was  necessary  to 
take    the    cuttings    from    smaller,    less    vigorous    samplings. 

The  cuttings    for    the    tests    of    diameter    and   length    came    from 
one-year-old  sprouts  on  the  stumps  of  3-  to  5-year-old  seedlings  that 
had  been  cut  previously.    The  cuttings  were  made  in  December   1947  and 
stored  in  moist  sand  at  about  40°F.    until  planted  in  April  1948. 

The  soil  was  O'Neill  sandy  loam  with  good  surface  and  internal 
drainage.      It  was  loose  and  well  tilled  before  planting.    The  cuttings  were 
taken  from   storage  and  pushed  into  the  soil  until  only  the  distal  two 
inches  were  above  the  ground. 

These  tests  were  all  in  the  same  bed.     The  arrangement  was    a 
randomized  complete  block  design  with  10  replicates  of  10  cuttings  each 
per  treatment.      The  cutting  bed  was  given  no  supplementary  water 
during  the  experiment.      The  cuttings  were  lifted  and  examined  four 
months  after  planting. 

Results  and  discussion.  --Age  of  cutting  was  associated   with   a 
steady  and  significant  decrease  in  cutting  survival  and  in  the  number  of 
roots  produced  (table   1).      The  differences  associated  with  cutting  age 
were  more  pronounced  in  the  constant- diameter   series.      Since  the 
cuttings  in  the  average  -  diameter   series  were  larger  and  presumably  of 
higher  vigor,    better  rooting  might  have  been  due  to  either  diameter  or 
vigor.      A  subsidiary  test  of  cutting   diameter  using  one-year-old  stump 
sprout  cuttings  of  three  diameter  classes,    0.  21  inch,    0.45  inch,    and 


0.  85  inch,    gave  no  significant 
differences  in  survival,  number 
of  roots,    or     length    of     shoot 
growth.      Thus  it  seems  that  the 
better  performance  of  the  cut- 
tings in  the  average-diameter 
series  was  due  to    increased 
vigor  rather  than  to    diameter 
per  se. 

Long  cuttings   survived 
and  grew  better  than  short  ones 
(table  2).     Since  all  cuttings  had 
the  same  length  above  ground, 
possibly  increasing  the  length 
below  ground  from  4  to  8  to   16 
inches  brought  the  cuttings  into 
zones  of  higher  soil  moisture. 
The  greater  quantity  of  stored 
food  in  the  longer  cuttings  may 
also  have  contributed  to  better 
root  and  shoot    development. 
These  results  agree  with  recom- 
mendations by  Maisenhelder  (5) 
that  cuttings  be  set  15    inches 
deep. 


Table   1.  --Age  of  cutting  wood,    as  it  affected  survival 
and  growth 


Age  of 
wood  (years) 


Cutting 
diameter 


Survival 


Roots  per 
rooted  cutting 


Shoot  growth 

per  rooted 

cutting 


Inches 

Percent 

N 

imber 

Inches 

C 

onstant- 

diamet 

er  series 

1 

0.  3-0.  6 

53 

25 

28 

2 

.  3-0.  6 

30 

20 

26 

3 

.  3-0.  6 

16 

15 

26 

4 

.  3-0.  6 

11 

12 

21 

Average-diameter  series 


1 

0.  3-0.  6 

53 

25 

28 

2 

.  5-0.  8 

39 

Zl 

34 

3 

.  6-1.0 

SO 

21 

n 

4 

.6-1.  3 

18 

14 

30 

Table  2.  --Length  of  cutting,    as  it  affected  survival 
and  growth 


Cutting 

length 

(inches) 


Survival 


Roots  per  surviving 
rooted  cutting 


Shoot  growth 
per  cutting 


Percent 

N 

imber 

Inches 

6 

20 

14 

It, 

10 

42 

18 

21 

18 

66 

27 

29 

In  summary,    survival 
and  root  formation  were  not  influenced  by  cutting  diameter,    increased 
significantly  as  cutting  length  increased  from  6  to  18  inches,    and  de- 
creased with  increasing  wood  age  and  decreasing  vigor. 


CHEMICAL  STIMULATION  OF  CUTTINGS 

Methods.  --These    experiments    were    made    to    determine    the 
effects  of  indoleacetic  and  indole-n-butyric  acid  (2)  on  the  rooting  of 
cottonwood  cuttings  collected  in  three  different  seasons.     A  secondary 
purpose  was  to  study  natural  dormancy  and  to  learn  whether  the  time  of 
year  at  which  cuttings  were  made  influenced  their  ability  to  root.      The 
latter  aim  was  not  accomplished  because  it  was  impossible  to  hold  en- 
vironmental conditions  in  the  greenhouse   uniform  during  the  three  testing 
periods.     For  the  same  reason,    the  effects  of  the  chemicals  are  not 
comparable  for  the  different  seasons. 
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All  of  the  cuttings  in  these  tests  came  from  one-year-old  sprouts 
growing  from  the  stumps  of  3-  to  5-year-old  saplings  that  had  been  cut 
the  previous  year.    Cuttings  were  between  0.31  and  0.50  inch  in  diameter. 

Treatment  concentrations  were  0,  5,  25,  50,  and  100  milligrams 
of  indoleacetic  acid  (IA)  or  indole~n-butyric  acid  (IB)  per  liter  of  water. 
The  chemical  solutions  were  made  by  dissolving  the  IA  or  IB  crystals  in 
ethyl  alcohol.  From  this  a  stock  solution  of  the  highest  concentration 
was  made  to  volume  with  distilled  water.  The  lower  concentrations  were 
made  by  diluting  the  stock  solution. 

Cuttings  were  treated  by   immersing   their    basal   two    inches    in 
the  acid  solutions  for  24  hours.     Immediately  after  treatment   they   were 
placed  in  a  rooting   medium    consisting    of    equal   proportions    of   washed 
sharp    sand   and   neutral   peat. 

Planting  dates  were  November  25,    1947,  December  31,    1947,  and 
March  26,    1948.      The    November  and  December    cuttings    were  lifted  and 
measured    65    days    after   planting,     the    March    cuttings    45     days    after 
planting. 


Each  test  was  planted  in 
the    greenhouse  bench  in   a    ran- 
domized complete  block  design. 
In  each  treatment  there  were   100 
cuttings    arranged   in  five    repli- 
cates   of    20    cuttings    each. 

Results  and  discussion.- - 
The  general  relationship  between 
auxin  treatment  and   the  survival 
and   growth  of   cuttings  is    shown 
in    Table    3. 

The    March    cuttings 
rooted   much   better    than    those 
made    in    either    November    or 
December.   The  rooting  of  near- 
ly all  the  untreated   March   cut- 
tings suggests  that  under  favor- 
able conditions  it  is  not  difficult 
to    root    Cottonwood. 

The  differences  in  root- 
ing   and   survival   may  not   have 


Table   3.  --Influence  of  growth  regulators  on  cuttings 


Date  and 

Proportion 

Proportion 

Roots  per 

Weight 

treatment 

rooted 

surviving 

cutting 

of  tops 

Percent 

Percent 

Number 

Grams 

November 

IA 

67 

65 

4 

0.  6 

IB 

79 

62 

8 

.  8 

Check 

36 

33 

3 

.9 

Average 

61 

53 

5 

.  8 

December 

IA 

31 

23 

3 

1.  3 

IB 

29 

19 

4 

1.  0 

Check 

35 

30 

3 

1.6 









Average 

32 

24 

3 

1.  3 

March 

IA 

99 

37 

7 

1.  9 

IB 

99 

23 

5 

1.4 

Check 

92 

44 

6 

1.  7 









Average 

97 

35 

6 

1.  7 

All  months 

IA 

66 

42 

5 

1.  3 

IB 

69 

35 

6 

1.  1 

Check 

54 

36 

4 

1.4 









Average 

63 

37 

5 

1.  3 
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been  due  to  physiological  differences  within  the  cuttings.    There  was  little 
environmental  control  in  the  greenhouse,  and  in  April  and  May,    when  the 
March  cuttings    were  rooting,    temperatures  were    20°  F„    higher    than   the 
55    to    60    F.    daytime    temperatures  prevalent   in  January   and   February. 
There  was    considerable    mortality  among    the    March  and   December    cut- 
tings.    A  fungus  (Cytospora   sp.  ),  which  may  have  followed  winter  injury, 
was  found  on  some  of    the    December    cuttings    before    they   were    planted. 
Most  of  the  December  cuttings  died  before  they  rooted,  while  most  of  the 
March  cuttings   died   after    rooting.      Both  groups  were  badly    rotted    when 
lifted.      Only  with  the    November   cuttings,    which  was  not  diseased,     was 
survival  approximately    equal    to    rooting. 


The  differences  in  rooting  and  survival  of  cuttings  made  at  differ- 
ent times  of  the  year  and  the  relation  of  these  differences  to  auxin   treat- 
ment can  probably  be  partly  explained  as  follows:    1.  --Cuttings   rooting 
under  favorable  conditions  (those 
made  in  March  and  rooted  in  April 
and  May)  performed  very  well  with- 
out auxin  treatment.     2. --Cuttings 
made  in  December  were  diseased 
before   rooting,  and  therefore   showed 
no  auxin  effect,,    3. --Healthy  cuttings 
made  in  November  showed  a  signifi- 
cant response  to  auxins, possibly  be- 
cause the  fall  cuttings  were  dormant 
and  auxin  assisted  in  breaking  the 
dormancy,  and  perhaps  because  the 
auxin  was  more  effective  in  stimu- 
lating   rooting    when   the    temperatures 
were  below  optimum.     Unfortunately, 
the  absence  of  good  environmental 
control  does  not  permit  a  conclusion 
on  these    points. 

The  effect  of  auxin  on  the  num- 
ber of  roots  per    surviving    cutting  is 
not  altogether    clear.     Generally,  the 
auxin- treated  cuttings  produced  more 
roots    than   untreated   cuttings.       The 
November  cuttings  treated  with  indole- 

n-butyric  acid  produced  almost  twice  Figure  1. --November  cuttings, 

as  many  roots  as  those  treated   with  Top:      treated   with   indole-n- 

indoleacetic  acid  (fig.    1).     The  roots  butyric  acid.     Bottom:  treated 

on    cuttings     treated    with   indole-n-  with    indole  ace  tic      acid. 

(Ck=untreated.  ) 
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Figure  2.  --Effect  of  auxin    concen- 
trations   on    cuttings. 


are  due  to  unfavorable  environment 
acteristics  of  the  species. 


butyric    acid   were    larger    in   di- 
ameter, whiter,    and  more  brittle 
than  the  more  normal-appearing 
roots  on  cuttings  treated  with  in- 
doleacetic  acid. 

Although   auxin  treatment 
increased    the    number    of    roots 
per    cutting,     it   appeared   to    de- 
crease top   growth.      The  results, 
however,     are    not    uniform    and 
clearly  defined.  Seasonal  factors, 
probably  including  both  tempera- 
ture and  length  of  day, appeared  to 
have  a  more  important  effect  on 
shoot  growth. 

Increasing  the  auxin  con- 
centration tended  to  increase  the 
percentage  of  rooted  cuttings  and 
the  number  of  roots  per  cutting 
(fig.  2);  top  growth  was  either  not 
affected  or  was    slightly  reduced. 


SOIL-MOISTURE 
RELATIONSHIPS 

The  ability  of   Cottonwood 
cuttings  to  root  in  the  greenhouse 
under  favorable   conditions, and  the 
frequent  failures  to  root  in  field 
planting, suggest  that  fieldfailures 
rather  than  to  the  inherent    char- 


Methods.  --In  the  moisture   experiment    reported  here,    five  soil- 
moisture    conditions    were    used  in  each  of   two    different  soils,     O'Neill 
sandy  loam  and  Bremer  loam.      The  O'Neill  was  a  friable,  well-aerated 
sandy   loam.       The    Bremer    was  a  more    compact   loam    and  not  so  well 
aerated. 
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The  soils  were  collected  in  the  field    Z4  hours    after  a  saturating 
rain,    when   their    moisture    contents    were    assumed   to   be    at   the    field 
capacity.     Except  in  the  first  treatment  described  below,    the  soils  were 
immediately  placed  in   two-gallon    crocks.      Soil  moisture  at  the    time    of 
potting  was  determined  and   this    quantity    designated   as    field    capacity. 
The  treatments    were: 

A.  Below  field  capacity:   The  soil  was  allowed 
to  dry  until    it    contained     80     percent    of    the  moisture 
designated  as  field  capacity,  and  then  it  was  mixed 
and  potted.      This  moisture  level  was  maintained   by 
weighing  the  crocks   daily  and  adding  one  and  one-half 
times  the  amount  of  water  lost  below  the  designated 
level  of  80  percent    of   field    capacity. 

B.  Field  capacity.    The  crocks  were    weighed 
daily  and   the  moisture    level  maintained  at  the    field 
capacity    in    the     same    manner    as    in     Treatment   A. 

C.  Capillary  water.  The  crocks  of  soil  were 
placed  inside  larger  containers  in  such  a  manner  that 
the  drain  holes  in  the  bottoms  of  the  crocks  were  just 
below  the  surface  of  the  water  in  the  outside  container. 

D.  Saturated  and   drained.      The    crocks    were 
placed  inside    larger  containers  that  were    filled  with 
water.      The  water  in   the  outside    container  was  level 
with  the   surface  of    the  soil.      The  water  was    allowed 
to  rise  through   the  drain  hole  of   the  inner    crock   and 
completely  saturate  the   soil.   Each  morning  the   crocks 
were  raised  so  that   the  drain  hole  was  just  below  the 
water  surface,  and  each  evening  they  were  submerged 
again.      Thus    the    soil    was    alternately  saturated   and 
drained. 

E.  Saturated.    The  soil  was  held  at  saturation, 
in  the  manner    described  for    D,    for  the  period   of   the 
test. 

This  experiment  was  conducted  in  the  greenhouse  at  temperatures 
between  65    and   7  5°F.      Each  of   the  five  treatments    was  replicated  four 
times  in    each    soil,     so    that    there     was      a    total     of      40     crocks.     Seven 
cuttings  were    placed  in  each    crock  in    January   1949,    and   these     were 
lifted   and   measured   47    days    later. 


Figure    3.  --Cuttings    grown   in 
Bremer    soil.       Top:     in    crocks 
supplied  with  capillary  moisture. 
Bottom:     in    crocks    with    satu- 
rated   soil. 


Results  and  discussion. -- 
Without    some   free  water    (water 
above    the     "field      capacity"), 
rooting    was    not    sufficient    for 
good   survival    (fig.     3,    table   4). 
Best    survival    was    obtained    in 
the    continuously  saturated  soils. 
However,  when  the  cuttings  were 
lifted  the  leaves  of  those  in  satu- 
rated   soil    were    beginning    to 
yellow.and   top    growth   was     de- 
creasing—the     result     of     poor 
aeration. 

Although  the  Bremer  and 
O'Neill  soils  were  quite  different 
in  their  physical  properties,  they 
caused  little    variation  in  the  re- 
sponse   of   the    cuttings. 

This  experiment  indicates 
that   the    reproduction   of   cotton- 
wood   by  cuttings    should  be  most 
successful    on    the     low,      moist 
sites  which  are  the  natural  habitat 


Table  4.  --The  effect  of  various   soil  moisture  levels 
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2 
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16 
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9 
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67 

15 

64 

19 
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drained 

62 

21 

61 

20 

Saturated 

80 

20 

72 

20 

Mean 

45 

17 

44 

17 

of  this  species.      In  contrast,    reproduction  by  cuttings  may  be  expected 
to  be  poor  on  upland  sites,    where  this   species  is  frequently  planted  for 
windbreaks.      The  use  of  the  longer  cuttings  which  penetrate  into  zones 
of  higher  soil  moisture,    and  cultural  treatments  to  improve  soil 
moisture  conditions  in  the  planting  area,    should  increase  survival  on 
the  drier  sites. 

The  high  survival  obtained  with  the  "saturated"   soil    indicates 
that  Cottonwood   will    root    successfully    if    environmental     conditions 
are  favorable.      Where  the  environment  is  unfavorable,    better    rooting 
and  survival    may   be    obtained   by   auxin   treatment.      This,     however, 
should  be  tested  at  different  moisture  and  temperature  levels.      Studies 
of   the    dormancy   of    Cottonwood    shoots    are    also   needed. 


SUMMARY 

Three  separate  lines  of  investigation   were    followed  in  studying 
the    rooting    of    Cottonwood    cuttings. 

The  rooting  ability  of  Cottonwood  cuttings  decreased  as  the  age 
of  the  cutting  wood  was  increased  from  one  to  four  years.      Within   the 
range  tested,    the    diameter  of  the  one-year-old   cuttings  did  not  affect 
the    number    of    roots    formed   per    cutting.      Long    cuttings    rooted   and 
survived   better    than    short    cuttings. 

Treatment  with   indoleacetic    acid    or    mdole-n- butyric    acid 
produced  more  rooted  cuttings  and  more  roots  per     c  utting      than 
appeared  on  the  untreated  controls.      The  number  of  roots  per  cutting 
increased  as  the  concentration  of  indoleacetic  acid  or  mdole-n-butyric 
acid  was  increased  from   5  to   100  milligrams  per  liter.      Top    growth, 
however,    was  less  on  treated  cuttings  than  on  untreated  controls. 

The  higher  the  moisture  level  of  the    soil,    the    better    was    the 
survival  and  rooting  of  cuttings.     Saturated  soil  gave  the  best  results. 
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The  studies  on  which  this  paper  is  based  were  conducted  in  co- 
operation with  the  Department  of  Defense  and  private  industry. 
H.  C.  Secrest,  R.  C.  Morris,  and  V.  K.  Smith  established  many 
of  the  tests  and  collected  many  of  the  data. 


SUMMARY 

Since  1944  the  Southern  Forest  Experiment  Station's  Forest 
Insect  Laboratory  at  Gulfport.  Mississippi,  has  been  intensively 
studying  chemical  soil  treatments  for  control  of  subterranean  ter- 
mites. 

These  studies  have  shown  that  0.5  percent  aldrin,  0.8  percent 
gamma  benzene  hexachloride ,  1.0  percent  chlordane,  0.5  percent 
dieldrin,  0.5  percent  heptachlor,  or  8.0  percent  DDT  will  give  many 
years  of  protection  against  subterranean  termites.  The  DDT  should 
be  applied  in  fuel  oil;  the  others  in  either  water  emulsions  or  fuel-oil 
solutions.  These  formulations  are  suggested  for  practical  use  either 
in  preventing  or  controlling  infestations  in  buildings. 

The  encouraging  results  obtained  to  date  have  prompted  the 
expansion  of  the  tests  to  include  a  wide  range  of  concentrations  and 
dosages.  Hence  the  present  recommendations  as  to  chemicals  and 
dosages  are  subject  to  change. 


The  keys  to  termite  control  lie  in  design  and 
construction  that  prevent  or  discourage  attack. 
Chemical  soil  treatments  are  a  valuable  supple- 
ment to  good  construction,  but  not  a  substitute 
for  it. 

The  fundamental  principle  is  to  prevent  the 
termites  from  establishing  or  maintaining  their 
contact  between  the  soil,  from  which  they  ob- 
tain moisture,  and  the  woodwork  of  buildings, 
on  which  they  feed.  This  could  be  accom- 
plished, to  a  great  extent,  if  architects,  contrac- 
tors, and  home  builders  would  give  more  con- 
sideration to  the  problem. 

Termites  can  be  discouraged  by  removing 
stumps,  roots,  and  debris  from  the  building  site 
and  by  grading  to  keep  the  site  dry.  Adequate 
clearance  between  the  soil  and  woodwork,  as 
well  as  proper  ventilation,  should  be  provided 
for  buildings  having  crawl  space.  Foundations 
should  be  impervious  to  termites — solid  con- 
crete is  preferable.  Hollow  block  or  tile  founda- 
tions should  be  capped  with  four  inches  of  rein- 
iorced  concrete  or  provided  with  good  termite 
shields.  Expansion  joint  fillers  resistant  to 
termite  penetration  should  be  used  in  slab-on- 
ground  construction.  Pressure-treated  wood 
for  sills,  plates,  and  headers  may  be  desirable 
where  the  hazard  is  extreme. 

No  matter  how  carefully  constructed,  how- 
ever, any  building  made  of  wood  that  has  not 
been  treated  with  a  preservative  is  more  or  less 
vulnerable  to  attack.   In  regions  where  termites 


are  abundant,  treating  the  soil  with  chemicals 
is  advisable  to  provide  additional  protection. 
Chemical  treatment  of  soil  before  pouring  con- 
crete slab  floors  is  particularly  valuable.  Most 
of  the  cost  of  treating  soil,  either  as  a  preven- 
tive or  remedial  measure,  is  the  labor  for  appli- 
cation. Long-lasting  chemicals  are  needed  to 
reduce  frequency  of  re-treating. 

Soil  treatments  have  been  used  in  the  United 
States  for  many  years.  Recently  the  search  for 
more  effective  chemicals  has  been  intensified. 
Most  of  this  research  is  conducted  by  the  South- 
ern Forest  Experiment  Station's  Forest  Insect 
Laboratory,  at  Gulfport,  Mississippi.  The  Lab- 
oratory has  extensive  field  installations  near 
Gulfport,  and  lesser  ones  in  other  parts  of  the 
United  States  and  in  the  Panama  Canal  Zone. 

This  paper  summarizes  results  with  the  best 
formulations  found  to  date  and  discusses  briefly 
their  practical  application.  The  studies  are  still 
in  progress,  and  the  list  of  suggested  formula- 
tions is  therefore  subject  to  revision. 

TEST  METHODS 

The  first  tests  reported  herein  were  installed 
during  1944  on  the  Harrison  Experimental 
Forest,  about  20  miles  north  of  Gulfport.  They 
were  expanded  in  1946,  and  at  the  same  time 
a  series  was  established  in  the  Panama  Canal 
Zone.  Many  new  insecticides  have  been  added 
since  1946.  The  Mississippi  tests  are  located 
in  a  pine-hardwood  forest  on  a  light,  sandy 
loam  soil  with  a  clay  subsoil.   The  Canal  Zone 


tests  are  in  a  jungle  area  with  a  heavy  soil  that 
is  high  in  organic  content. 

Several  of  the  most  promising  formulations 
are  being  tried  also  under  practical  conditions 
in  buildings  damaged  by  termites.  These  prac- 
tical applications  were  established  during  the 
period  1944  to  1953.  They  are  in  North  Caro- 
lina in  sandy  soil. 

Following  are  brief  descriptions  of  the  three 
test  methods. 

Ground-board  tests  are  intended  to  determine 
the  most  effective  formulations  and  dosages  for 
treating  the  soil  prior  to  pouring  concrete  slabs. 
All  vegetation  is  removed  from  a  17-inch  square 
of  soil,  then  the  chemical  is  sprinkled  evenly 
over  the  soil  surface.  After  the  chemical  has 
soaked  in,  an  untreated  sapwood  pine  board 
measuring  1  by  6  by  6  inches  is  laid  flat  on  the 
ground  in  the  center  of  the  treated  area,  so  that 
termites  must  cross  or  penetrate  the  treated  soil 
before  they  can  attack  the  board. 

Stake  tests  simulate  in  certain  respects  the 
application  of  chemicals  in  trenches  around  the 
foundations  of  buildings.  Two  cubic  feet  of 
soil  are  removed  to  make  a  hole  15  inches  in 
diameter  and  19  inches  deep.  After  the  soil  is 
treated  with  the  desired  dosage  of  chemical  and 
replaced  in  the  hole,  a  2-  by  4-  by  18-inch  un- 
treated sapwood  pine  stake  is  driven  to  a  depth 
of  12  inches  in  the  center  of  the  treated  soil. 

In  both  the  ground-board  and  the  stake  tests, 
ten  replicates  of  each  treatment  are  used  in 
a  randomized  block  design.  Treatments  are 
considered  to  have  failed  when  termites  pene- 
trate the  treated  soil  and  attack  the  wood. 
When  50  percent  of  the  stakes  or  boards  of  a 
treatment  are  attacked,  the  test  is  closed. 

Buildings  tests  are  treatments  of  buildings 
that  have  become  infested  with  termites.  The 
chemicals  are  applied  in  shallow  trenches  along 
the  inside  and  outside  of  concrete  or  brick  foun- 
dations. Most  buildings  have  two  or  three 
porches  and  at  least  one  room  with  crawl  space 
underneath.  For  inside  treatments — i.  e.,  those 
that  are  underneath  the  house  and  thus  parti- 
ally protected  from  the  weather — each  porch 
or  room  is  considered  a  test  unit.  The  outside 
treatments  are  largely  around  basement  en- 
trances, each  entrance  being  regarded  as  a  test 
unit.  When  termites  penetrate  the  treated  soil 
and  construct  tubes  on  the  foundations,  the 
treatment  is  considered  to  have  failed. 


RESULTS 

The  field  installations,  being  fully  exposed 
to  the  weather,  are  more  severe  trials  than  the 
building  tests.  In  general,  formulations  and 
dosages  that  are  effective  in  the  ground-board 
or  stake  tests  ( tables  1  and  2 )  can  be  relied 
upon  to  give  a  high  degree  of  protection  to 
buildings.  Several  formulations  that  gave  poor 
results  in  the  field  tests  offered  good  protection 
beneath  buildings  (table  3). 

In  evaluating  the  data,  it  was  considered  that 
only  formulations  giving  good  results  for  at 
least  5  years  in  one  or  both  types  of  field  tests 
in  Mississippi  can  be  safely  recommended  for 
use  in  the  United  States.  The  following  formu- 
lations, listed  alphabetically,  are  among  the 
best  and  most  economical  tested  thus  far: 

1.  Aldrin,  0.5  percent  in  No.  2  fuel  oil  or 
water  emulsion. 

2.  Benzene  hexachloride,  0.8  percent  gam- 
ma in  No.  2  fuel  oil  or  water  emulsion. 

3.  Chlordane,  1.0  percent  in  No.  2  fuel  oil 
or  water  emulsion. 

4.  Dieldrin,  0.5  percent  in  No.  2  fuel  oil  or 
water  emulsion. 

5.  DDT,  8.0  percent  in  No.  2  fuel  oil. 

6.  Heptachlor,  0.5  percent  in  No.  2  fuel  oil 
or  water  emulsion. 

With  any  of  the  emulsions,  a  dosage  of  1  to 
Wi  gallons  per  10  square  feet  of  surface  area 
is  recommended  for  overall  treatment  before 
pouring  concrete  slabs.  Oil  solutions  should 
not  be  applied  under  slabs  because  they  may 
damage  certain  vapor-barrier  materials.  Four 
gallons  of  either  emulsions  or  oil  solutions  per 
10  cubic  feet  of  soil  should  be  used  for  treating 
around  foundations.  These  concentrations  and 
dosages  should  provide  a  good  margin  of  safety, 
so  that  a  long  period  of  protection  can  be  ex- 
pected. 

For  any  given  chemical  the  duration  of  pro- 
tection depends  to  some  extent  on  the  quantity 
applied.  Thus,  in  stake  tests  in  Mississippi,  a 
concentration  of  4.0  percent  DDT  gave  90  per- 
cent protection  for  6  years,  whereas  8.0  percent 
was  90-percent  effective  for  11  years.  Once 
failures  begin,  moreover,  they  generally  in- 
crease rapidly.    To  illustrate,  8.0  percent  DDT 


Table  1. — Ground-board  tests  of  soil  treatments:    Mississippi  and  the  Panama  Canal  Zone 
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loo 

mo 

100 

100 

10(1 

1.00  percent 

Miss. 

1949 

1 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

C.Z. 

1953 

2 

100 

70 

70 

70 

70 

70 

70 

C.Z. 

1953 

3 

100 

80 

80 

HI) 

80 

HO 

80 

2.00  percent 

C.Z. 

1953 

2 

100 

(10 

00 

(III 

00 

90 

(10 

C.Z. 

1953 

3 

100 

70 

70 

70 

70 

70 

70 

Heptachlor 

In  No.  2  fuel  oil 

0.16  percent 

Miss. 

1956 

1 

100 

100 

100 

100 

100 

0.33  percent 

Miss. 

1956 

1 

100 

100 

100 

100 

100 

0.66  percent 

Miss. 

1956 

1 

100 

100 

100 

100 

100 

In  water  emulsion 

0.16  percent 

Miss. 

1956 

1 

100 

100 

100 

Kill 

loo 

0.33  percent 

Miss. 

1956 

1 

100 

100 

100 

100 

100 

0.66  percent 

Miss. 

1956 

1 

loo 

100 

100 

100 

100 

1.00  percent 

Miss. 

1952 

Vz 

100 

100 

100 

100 

100 

100 

100 

loo 

2.00  percent 

Miss. 

1952 

Vz 

100 

100 

100 

100 

mo 

100 

100 

100 

Sodium  arsenite 

In  water 

10.00   percent 

Miss. 

1946 

Vz 

100 

100 

100 

HO 

40 

Miss. 

1946 

1 

100 

100 

100 

85 

55 

55 

C.Z. 

1946 

1 

100 

100 

.  .  .  3 

100 

05 

45 

C.Z. 

1946 

2 

100 

100 

100 

100 

75 

35 

Controls 

Untreated 

Miss. 
C.Z. 

1946 
1946 

20 
50 

1  Results  are  for  the  nearest  full  year. 

2  It  is  suspected  that  an  error  was  made  when  these  tests  were  read  in  1955.    What  appeared  to  be   light  damage  by  termites  was  recorded  then,  but  no 
further   infestation  has  occurred 

3  No  data  taken  for  these  years. 


Table  2. — Stake  tests 

of  soil  treatments: 

Mississippi  and  the  Panama  Canal  Zone 

Location 
of  test 

Year 
estab- 
lished 

Dosage 
per    10 
cubic 
feet 
of  soil 

Proportion  of  stakes  undamaged  by   termites  after  exposure  for: ' 

(approximate   percentages 
by  weight* 

1 
year 

2 
years 

3 
years 

4 
years 

5 
years 

6 
years 

7 
years 

8 
years 

9 
years 

10 
years 

11 
years 

12 
years 

13 

years 

14 
years 

Aldrin 

In  water  emulsion 
0  5  percent 
1.0   percent 

Benzene  hexachloride 

In  kerosene 
0.4  percent  gamma 
0  8   percent  gamma 

In  No.  2  fuel  oil 
0  5   percent  gamma 

In   water  emulsion 


Miss. 
Miss. 


Miss. 
Miss 
C.Z. 

c.z. 


0  4  percent  gamma 

Miss. 

C.Z. 

0.8  percent  gamma 

Miss. 

Chlordane 

In  No.  2  fuel  oil 

2.0  percent 

Miss. 

CZ. 

In   water  emulsion 

0.5   percent 

Miss. 

1.0   percent 

Miss. 

2.0  percent 

Miss. 

CZ. 

DDT 

In  No.  2  fuel  oil 

4  0   percent 

Miss. 

5.0   percent 

CZ. 

8.0   percent 

Miss. 

In   water  emulsion 

5  0   percent 

Miss. 

C.Z. 

Dieldrin 

In  No.  2  fuel  oil 

0.5  percent 

CZ. 

1.0   percent 

C.Z. 

2.0  percent 

C.Z. 

In  water  emulsion 

1.0  percent 

Miss 

C.Z. 

2.0   percent 

Miss 

C.Z. 

Heptachlor 

In  No.  2  fuel  oil 

0.16   percent 

Miss 

0.66   percent 

Miss 

In  water  emulsion 

0  16  percent 

Miss 

0.33  percent 

Miss 

0.66  percent 

Miss 

1.33  percent 

Miss 

Sodium  arsenite 

In  water 

10.0  percent 

Miss 

1952 

Gallons 
33/4 

mo 

100 

100 

100 

100 

100 

Percent  - 
100     100 

1952 

3% 

100 

100 

100 

100 

100 

100 

100 

100 

1948 

2% 

100 

100 

100 

100 

00 

60 

60 

40 

1946 

2 1/2 

100 

100 

100 

100 

100 

loo 

100 

100 

1946 

2% 

100 

100 

0 

1952 

5 

100 

LOO 

100 

100 

10(1 

80 

80 

70 

1952 

2  1/2 

100 

100 

100 

100 

100 

90 

00 

50 

1952 

5 

100 

100 

00 

90 

90 

80 

70 

Ii0 

1952 

3% 

100 

100 

100 

100 

100 

100 

100 

100 

1951 

4 

100 

100 

100 

100 

100 

100 

100 

100 

1952 

7y2 

100 

100 

100 

100 

100 

100 

100 

100 

1952 

3% 

100 

90 

90 

00 

00 

90 

90 

90 

1952 

3% 

100 

100 

100 

100 

100 

100 

100 

100 

1951 

4 

100 

100 

100 

100 

100 

100 

100 

100 

1952 

IVz 

100 

100 

00 

90 

90 

00 

90 

00 

1944 

2y2 

100 

100 

10(1 

100 

00 

90 

70 

70 

1952 

5 

100 

100 

100 

100 

100 

100 

100 

100 

1944 

2V2 

100 

100 

100 

100 

100 

90 

00 

90 

1952 

3% 

90 

80 

80 

80 

80 

40 

1952 

5 

100 

00 

80 

80 

80 

60 

(ill 

50 

1953 

5 

Kill 

100 

100 

100 

100 

100 

100 

1953 

5 

100 

100 

100 

1110 

100 

100 

100 

1953 

5 

100 

100 

100 

100 

100 

100 

100 

1952  3%  100  100 

1953  IV2  100  100 

1952  33/4  100  100 

1953  7%  100  90 


1956 
1956 


100      100      100      100      100 
100      100      100      100      100 


1956  4  100  100  100  100  100 

1956  4  100  100  100  100  100 

1956  4  100  100  100  100  100 

1956  4  100  100  100  100  100 


90        80        70        20 


100 


100 


60        50 


30 


90        90        90        70        60        10 


100 

100 

100 

100 

Kill 

100 

100 

100 

100 

Kill 

100 

loo 

loo 

Kill 

100 

100 

100 

90 

90 

90 

90 

00 

194a 


3% 


100      100      100      100      100      100      100      100        80        80        80        80 


Trichlorobenzene 

In  No.  2  fuel  oil 
25.0  percent  (vol.) 

In  water  emulsion 
25.0   percent 

Controls 

No.  2  fuel  oil 

Untreated 


Miss. 
C.Z. 


Miss. 
C.Z. 
Miss. 
C.Z. 


1948        3% 
1952  5 


1948 


3% 


1948        3% 
1948  5 

1948 
1948 


100      100      100      100        90        80        70        60        50 
100      100      100        80        70        60        60        60 


100      100      100        80        80        70        60 


50 


100  80 

20  0 

20  10 

50  0 


40 


1  Results  are  for  the   nearest  full   year. 

2  No  data  taken  for  these  years. 


was  90  percent  effective  for  11  years,  70  per- 
cent for  12  years,  and  only  10  percent  for  14 
years.  Since  the  cost  of  the  chemical  usually 
is  only  a  small  portion  of  the  total  cost  of 
treating  a  building,  it  is  false  economy  to  use 
less  than  the  quantities  recommended. 

Much  heavier  dosages  and  concentrations  are 
necessary  in  the  Canal  Zone  than  in  Mississippi. 
In  ground-board  tests  in  Mississippi,  for  ex- 
ample, 2.0-percent  chlordane  emulsion  at  a  dos- 
age of  one  pint  per  square  foot  is  still  100-per- 
cent effective  after  11  years;  in  the  Canal  Zone 
a  dosage  of  2  pints  per  square  foot  failed  during 
the  fourth  year. 

Both  sodium  arsenite  and  trichlorobenzene 
give  good  control  for  several  years,  but  they 


are  not  so  long-lasting  as  the  chemicals  now 
suggested,  are  more  expensive,  and  are  toxic 
to  plants.  For  these  reasons,  they  are  no  longer 
recommended. 

Chemicals  that  have  given  50  percent  or  less 
protection  for  five  years  in  stake  and  ground- 
board  tests  ( when  tested  at  practical  concen- 
trations and  rates  of  application)  are  consid- 
ered inferior  to  those  listed  on  page  2.  These 
include  acetylene  tetrachloride,  chlorinated  ni- 
trotoluene,  copper  ammonium  fluoride,  copper 
naphthenate,  copper  sulphate,  coal-tar  creosote, 
coal-tar  creosote  plus  orthodichlorobenzene, 
hexachloroethane,  lead  arsenate,  methoxych- 
lor,  monochloronaphthalene,  orthodichloroben- 
zene, pentachlorophenol,  sodium  dinitroortho- 
creosolate,  and  zanthane. 


Table  3. — Effectiveness  of  soil  treatments  in  controlling  termites  in  buildings  during  about  14  years  of 
service 


Dosage 

per   10 

lineal 

feet 

Underneath 
buildings 

Outside    of 
buildings 

Total 

Formulation 

Units 
treated 

Undamaged 

Units 
treated 

Undamaged 

Units 
treated 

Und 

amaged 

Gallons 

No. 

No. 

Percent 

No. 

No. 

Percent       No. 

No. 

Percent 

Coal-tar  creosote 

In  No.  2  fuel  oil 

50.0  percent 

2 

19 

18 

95 

8 

5 

63 

27 

23 

85 

Chlorinated  toluene 

(2-chloro-6-nitro-toluene) 

In  No.  2  fuel  oil 

25.0  percent 

2 

23 

23 

100 

8 

4 

50 

31 

27 

87 

DDT 

In  No.  2  fuel  oil 

5.0  percent 

4 

59 

2 

97 

28 

7 

75 

87 

78 

90 

10.0  percent 

4 

22 

22 

100 

7 

4 

57 

29 

26 

90 

In  water  emulsion 

5.0  percent 

4 

39 

38 

97 

4 

2 

50 

43 

40 

93 

Orthodichlorobenzene 

In  No.  2  fuel  oil 

25.0  percent 

2 

86 

77 

90 

19 

7 

37 

105 

84 

80 

4 

6 

6 

100 

2 

0 

0 

8 

6 

75 

Pentachlorophenol 

In  No.  2  fuel  oil 

5.0  percent 

4 

17 

14 

82 

3 

1 

33 

20 

15 

75 

Sodium  arsenite 

In   water 

10.0  percent 

2 

40 

40 

100 

0 

40 

40 

100 

PRACTICAL  APPLICATION   OF   SOIL  TREATMENTS 


Soil  treatments  are  practical  and  effective 
not  only  in  helping  to  prevent  attack  on  build- 
ings, but  in  stopping  existing  infestations. 
Since  there  are  many  variations  in  construc- 
tion, detailed  discussion  of  treatments  is  im- 
practical. The  essential  thing  is  to  apply  the 
insecticide  in  such  a  way  that  it  forms  a  barrier 
to  termite  entry. 


Preventive  Measures 

Slab-on-ground  construction  is  very  suscep- 
tible to  termite  attack,  and  remedial  measures 
are  difficult  and  expensive.  Protection  can  be 
secured  for  many  years  by  treating  the  soil, 
before  the  slab  is  poured,  with  any  one  of  the 
previously  listed  emulsions. 


Treatment  should  be  made  after  all  filling 
and  grading  is  complete.  Critical  areas,  such 
as  along  foundation  walls  and  around  plumb- 
ing, should  be  treated  by  the  trenching  method 
described  later  under  remedial  measures.  In 
addition,  an  overall  surface  treatment  at  a 
dosage  of  not  less  than  1  gallon  per  10  square 
feet  is  recommended  if  the  fill  is  soil  or  un- 
washed gravel.  If  cinders,  washed  gravel,  or 
similar  coarse  material  is  used  in  the  fill,  the 
dosage  should  be  increased  by  at  least  one-half. 

Voids  in  hollow-block  foundations  should  be 
treated  with  at  least  2  gallons  per  10  linear 
feet  of  wall.  For  buildings  having  crawl  space 
or  basements,  the  trench  and  void  treatments 
can  be  used  as  preventive  measures  without 
an  overall  surface  application. 

Remedial  Measures 

When  buildings  on  concrete  slabs  become 
infested  with  termites,  it  is  difficult  to  get  the 
chemicals  where  they  will  be  effective.  One 
method  is  to  drill  holes  through  the  slab  at 
any  point  where  termites  may  enter;  the  holes 
should  be  spaced  about  a  foot  apart.  Another 
method  is  to  drill  through  the  foundation  walls 
from  the  outside  and  force  the  chemical  just 
underneath   the   slab   along   the   inside   of  the 


foundation  and  along  expansion  joints.  Any 
one  of  the  formulations  listed  on  page  2  should 
be  applied  at  the  rate  of  4  gallons  per  10  linear 
feet  of  foundation  or  expansion  joint. 

To  treat  buildings  having  crawl  space  or 
basements,  a  trench  can  be  dug  adjacent  to 
and  around  all  piers  and  pipes  and  along  the 
sides  of  foundation  walls.  A  trench  6  to  8 
inches  deep  and  about  the  same  width  is  ample 
for  solid  concrete  foundations  that  have  not 
developed  cracks.  While  the  trench  is  open, 
one  of  the  recommended  formulations  should 
be  poured  in  at  the  rate  of  2  gallons  per  10 
linear  feet  of  trench.  Then,  as  the  excavated 
soil  is  put  back  into  the  trench,  it  also  should 
be  treated  at  the  rate  of  2  gallons  per  10  linear 
feet.  This  rate  of  application  is  equal  to  about 
4  gallons  per  10  cubic  feet  of  soil  if  it  is  as- 
sumed that  the  chemical  spreads  downward 
and  outward  from  the  trench.  For  brick,  hol- 
low block,  and  concrete  foundations  that  have 
cracked,  the  trench  should  be  dug  to  the  foot- 
ing. This  is  to  prevent  termites  from  gaining 
hidden  entry  through  voids.  The  amount  of 
chemical  applied  in  deep  trenches  should  be 
increased  correspondingly.  Voids  in  hollow- 
block  foundations  should  be  treated  as  des- 
cribed under  preventive  measures. 


WARNING!  All  of  these  chemicals  are  poisonous 
if  taken  internally,  and  some  of  them  can  be  ab- 
sorbed through  the  skin.  If  they  are  spilled  on  the 
body,  they  should  be  washed  off  immediately  with 
warm,  soapy  water.  The  oil  solutions  will  damage 
plants  if  applied  to  their  roots. 
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SUMMARY 

Since   1944  the  Southern  Forest  Experiment  Station's  Forest   In- 
sect Laboratory  at  Gulfport,    Mississippi,    has  been  carrying  on  intensive 
studies  of  soil  poisons  for  use  against  subterranean  termites. 

These  studies  have  shown  that  0.  8  percent  gamma  benzene  hexa- 
chloride,    2.  0  percent  chlordane,    or  0.  5  percent  dieldrin  in  either  No.    2 
fuel  oil  or  water  emulsion;   8.  0  percent  DDT  in  No.    2  fuel  oil;  or  10.  0 
percent  sodium  arsenite  in  water  will  give  many  years  of  protection 
against  subterranean  termites.      These  formulations  are  suggested  for 
practical  use  for  the  treatment  of  soil  to  prevent  oi   control  infestations 
in  buildings.      The  encouraging  results  obtained  to  date  have  prompted 
the  establishment  of  tests  of  higher  concentrations  and  dosages  with   a 
view  to  extending  the  period  of  protection. 


SOIL  POISONS  FOR  SUBTERRANEAN  TERMITESj./ 

H.    R.    Johnston^./ 
Southern  Forest  Experiment  Station 


Subterranean  termites  are  widely  distributed  over  the  tropical 
and  temperate  parts  of  the  world,  and  they  seem  to  be  extending  their 
range  northward. 

The  key  to  termite  control  lies  in  construction  that  prevents  or 
discourages  attack.      The  fundamental  principle  is  to  prevent  the 
termites  from  establishing  or  maintaining  their  contact  between  the 
soil,    from  which  they  obtain  moisture,    and  the  woodwork  of  buildings, 
on  which  they  feed.      This  could  be  accomplished,    to  a  great  extent,    if 
architects,    contractors,    and  home  builders  would  give  more  consider- 
ation to  the  problem. 

Termites  can  be  discouraged  by  removing  stumps,    roots,    and 
debris  from  the  building  site  and  by  grading  to  keep  the   site  dry. 
Adequate  clearance  between  the  soil  and  woodwork,    as  well  as  proper 
ventilation,    should  be  provided  for  buildings  having  crawl  space. 
Foundations  should  be  impervious  to  termites- -  solid  concrete  is 
preferable.      Hollow  block     or  tile  foundations   should  be  capped  with 
four  inches  of  reinforced  concrete  or  provided  with  good  termite 
shields.      Expansion  joint  fillers   resistant  to  termite  penetration  should 
be   used  in  slab-on-ground  construction.      Pressure-treated  wood   for 
sills,    plates,    and  headers  may  be  desirable  where  the  hazard  is 
extreme. 

No  matter  how  carefully  constructed,    however,    any  untreated 
wooden  building  within  the  range  of  termites  is  vulnerable  to  attack. 
In  regions  where  termites  are  abundant,    poisoning  the   soil  with 
chemicals  is  advisable  to  provide  additional  protection.      The  poisons 
are  used  as  a  supplement  to  good  construction- -not  as  a  substitute  for  it. 


1/     This  paper  was  delivered  at  the  Tenth  International  Congress  of 
Entomology,    Montreal,    Canada,    August  1956. 

2/     Acknowledgment  is  gratefully  made  to  H.    C.    Secrest  and  R.    C. 
Morris,    who  established  many  of  the  tests  and  collected  much  of  the 
data  reported  here. 


Chemical  treatment  of  soil  before  pouring  concrete  slab  floors  is  par- 
ticularly valuable.     Most  of  the  cost  of  treating  soil,    either  as  a  pre- 
ventive or  remedial  measure,    is  the  labor  for  application.      Long-lasting 
chemicals  are  needed  to  reduce  frequency  of  re-treating. 

Soil  poisons  have  been  used  in  the  United  States  for  many  years, 
but  those  generally  recommended  had  various  limitations.      During  recent 
years  the  United  States  Department  of  Agriculture  has  intensified  the 
search  for  better  poisons.      Most  of  the  research  is  conducted  by  the 
Southern  Forest  Experiment  Station's  Forest  Insect  Laboratory,    at 
Gulfport,    Mississippi.      The  Laboratory  has  extensive  field  installations 
near  Gulfport,    and  lesser  ones  in  other  parts  of  the  United  States  and 
in  the  Panama  Canal  Zone. 

This  paper  describes  the  best  formulations  found  to  date  and  dis- 
cusses briefly  their  practical  application.      It  should  be  remembered  that 
the   studies  are   still  progress  and  that  higher  concentrations  and  dosages 
are  now  being  tested  with  the  view  of  extending  the  period  of  protection. 
The  list  of  formulations  is  therefore   subject  to  revision. 


TEST  METHODS 

The  first  tests  reported  herein  were  installed  during  1944  on  the 
Harrison  Experimental  Forest,    about  20  miles  north  of  Gulfport.    These 
tests  were  expanded  in  1946,    and  at  the   same  time  a  series  was  es- 
tablished m  the  Panama  Canal  Zone.     Many  new  insecticides  have  been 
added  since   1946„      The  Mississippi  tests  are  located  in  a  pine-hardwood 
forest  in  a  light,    sandy  loam  soil  with  a  clay  subsoil.      The  Canal  Zone 
tests  are  in  a  jungle  area  with  a  heavy  soil. 

Several  of  the  most  promising  formulations  are  being  tried  also 
under  practical  conditions  in  buildings  damaged  by  termites.      These 
practical  applications  were  established  between  1944  and  1952.      They 
are  in  North  Carolina  in  sandy  soil. 

Following  are  brief  descriptions  of  the   3  test  methods  that  are 
being  used, 

Ground-board  tests  are  intended  to  determine  the  most  effective 
formulations  and  dosages  for  poisoning  the  soil  prior  to  pouring  con- 
crete slabs.     All  vegetation  is  removed  from  a  17-inch  square  of  soil, 
then  the  chemical  is  sprinkled  evenly  over  the  soil  surface.     After  the 
chemical  has  soaked  into  the  soil,    an  untreated  sapwood  pine  board 


2   - 


measuring  1  by  6  by  6  inches  is  laid  flat  on  top  of  the  ground  in  the  center 
of  the  treated  area,  so  that  termites  must  cross  oi  penetrate  the  treated 
soil    before    they   can   attack   the    board. 

Stake  tests  are  designed  to  simulate  in  certain  respects  the  appli- 
cation of    soil  poisons    in    trenches    around    the    foundations    of   buildings. 
Two  cubic  feet  of  soil  are  removed  to  make  a  hole    15  inches  in  diameter 
and  19  inches  deep.     After  the  soil  is    treated   with   the    desired  dosage  of 
chemical  and  replaced  in  the  hole,    a  2-  by  4-  by  18-inch  untreated    sap- 
wood  pine  stake  is  driven  to  a  depth  of  1  2  inches  in  the    center    of   the 
treated    soil. 

In   both  the    ground-board   and   the  stake  tests,    ten    replicates    of 
each  treatment  are  used  in  a  randomized  block    design.      Treatments  are 
considered  to  have    failed   when   termites    penetrate  the  treated    soil    and 
attack  the  wood.      When  50  percent  of  the  stakes  or  boards  of  a  treatment 
are    attacked,    the    test   is    closed. 

Building  tests  are    treatments  of   buildings  that   have  become    in- 
fested with  termites.      The  chemicals  are  applied  in  shallow  trenches  alon| 
the  inside  and  outside  of  concrete  or  brick  foundations.      Most   buildings 
have  two  or  three  porches  and  at  least  one  room  with  crawl  space  under- 
neath.     Each  porch  or  room  is  considered  as  a  test  unit  for  inside  treat- 
ment--i.  e.  ,    treatments  that  are  underneath  the  house  and  thus  partially 
protected  from  the  weather.    The  outside  treatments  are  largely  around 
basement  entrances,    each  entrance  being  regarded  as  a  test  unit.      When 
termites  penetrate  the  treated  soil  and  construct  tubes  on  the  foundations, 
the    treatment   is    considered   to    have    failed. 


RESULTS 

The  field  installations,    being  fully  exposed   to    the    weather,     are 
more  severe  trials  than  the  building  tests.     In  general,  the  formulations 
and   dosages  that  are    effective  in  either  the  ground-board  or  stake  tests 
can  be  relied  upon  to  give  a  high  degree  of  protection  to  buildings.  Several 
formulations  that  gave  poor  results    in   the    field   tests  offered   good   pro- 
tection   underneath   buildings. 

Main  results  are  summarized  in  tables  1,  2,  and  3.     In  evaluating 
these  data,    it  was  considered  that  only   formulations  giving  good    results 
for  at  least  5  years  in  one  or  both  types  of  field  tests  in  Mississippi    can 
be    safely   recommended   for    use    in   the    United   States.       The   following 
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Table   1.  --Effectiveness  of  soil  poisons  in  ground-board  tests  in  Mississippi  and  the  Panama  Canal  Zone 


Formulation 

Location 
of  test 

Year 
estab- 
lished 

Dosage 

per 

square  ft. 

Proportion  of  ground-boards  undamaged  by  termites 
after  exposure  for 

{percentages  by  weight) 

1 
yr. 

2 
yrs. 

3 
yrs. 

4 
yrs. 

5 
yrs. 

6 
yrs. 

7 
yrs. 

8 
yrs. 

9 
yrs. 

10 
yrs. 

Benzene  hexachloride 


In  No.    2  fuel  oil 
0.  4  percent  gamma 

0.  5  percent  gamma 

0.  8  percent  gamma 

In  water  emulsion 
0.  4  percent  gamma 

0.  8  percent  gamma 

Chlordane 
In  No.    2  fuel  oil 
1 . 0  percent 

2.  0  percent 


In  water  emulsion 
2.  0  percent 


Miss. 

1948 

1/2 

100 

100 

100 

100 

90 

50 

Miss. 

1948 

1 

100 

100 

100 

100 

100 

100 

90 

90 

C.  Z. 

1951 

1 

100 

70 

50 

c.  z. 

1951 

2 

90 

90 

60 

40 

Miss. 

1948 

1 

100 

100 

100 

100 

100 

100 

100 

90 

Miss. 

1948 

1/2 

100 

100 

80 

70 

70 

60 

60 

60 

Miss. 

1948 

1 

100 

100 

100 

100 

100 

100 

80 

80 

C.  Z. 

1951 

3 

90 

90 

80 

50 

Miss. 

1948 

1 

100 

100 

100 

100 

100 

100 

100 

100 

Miss. 
Miss. 
Miss. 
Miss. 
C.    Z. 


Miss. 
Mis  s. 
C.  Z. 
C.  Z. 


1948 
1948 
1948 
1948 
1951 


1948 
1948 
1951 
1951 


1/2 

100 

100 

100 

100 

100 

100 

100 

100 

1 

100 

100 

100 

100 

100 

100 

100 

100 

1/2 

100 

100 

100 

100 

100 

100 

100 

100 

1 

100 

100 

100 

100 

100 

100 

100 

100 

2 

100 

90 

90 

90 

1/2 

100 

100 

100 

100 

100 

100 

100 

100 

1 

100 

100 

100 

100 

100 

100 

100 

100 

2 

loo 

70 

50 

30 

3 

100 

100 

70 

70 

DDT 
In  No.    2  fuel  oil 
5.  00  percent 


In  water  emulsion 
5.00  percent 


Miss. 
Miss. 
C.  Z. 
C.    Z. 


Miss. 
C.    Z. 


1946 
1946 
1951 
1951 


1951 
1951 


1/2 

100 

100 

100 

70 

50 

1 

100 

100 

100 

100 

80 

1 

90 

80 

60 

50 

2 

100 

90 

70 

50 

1/2 

90 

60 

30 

2 

100 

70 

40 

HO 


HO 


In   No.     2     fuel  oil 
0.  50  percent 

1. 00  percent 


2. 00  percent 


In  water  emulsion 
0. 25  percent 
0. 50  percent 
1. 00  percent 


2.  00  percent 


c.  z. 

1953 

c.   z. 

1953 

c.  z. 

1953 

c.  z. 

1953 

c.  z. 

1953 

c.  z. 

1953 

Miss. 

1949 

Miss. 

1949 

Miss. 

1949 

C.  Z. 

1953 

C.  Z. 

1953 

C.  Z. 

1953 

C.  Z. 

1953 

100 

100 

100 

100 

100 

100 

100 

80 

80 

100 

90 

90 

100 

80 

80 

100 

70 

70 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

70 

70 

100 

80 

80 

100 

90 

90 

100 

70 

70 

100  100  100  100 
100  100  100  100 
100         100         100         100 


Sodium  arsenite 
In  water 

10.  00  percent 


Controls 


Miss 

Miss 

C. 

Z 

C. 

z 

M 

ss 

C. 

z 

1946 
1946 
1946 
1946 


1946 
1946 


1/2 

100 

100 

100 

1 

100 

100 

100 

1 

100 

100 

2 

100 

20 
50 

100 

0 

40 

5 

55 

55 

100 

95 

45 

100 

100 

75 

Table  Z.  --Effectiveness  of  soil  poisons  in  stake  tests  in  Mississippi  and  Panama  Canal  Zone 


Formulation 

Location 
of   test 

Year 
estab- 
lished 

Dosage 
per    10 

cu.    ft. 

of  soil 

Proportion  of  stakes  undamaged  by  termites  after  exposure  for 

(percentages  by  weight) 

1 

2 

yrs. 

3 
yrs. 

4 
yrs. 

5 
yrs. 

6 
yrs. 

7 
yrs. 

8 
yrs. 

9 
yrs. 

10 

yrs. 

11 
yrs. 

12 

yrs. 

Gallons 


Percent 


Benzene  hexachloride 


In  kerosene 

0.  4  percent  gamma 

Miss. 

1948 

2-1/2 

100 

100 

100 

100 

9() 

0  0 

60 

40 

0.  8  percent  gamma 

Miss. 

1946 

2-1/2 

100 

100 

100 

100 

100 

100 

1  00 

100 

C.    Z. 

1946 

2-1/2 

100 

100 

0 

90 


HO 


In  No.    2  fuel  oil 
0.  5  percent  gamma 

In  water  emulsion 
0.  4  percent  gamma 

0.  8  percent  gamma 

Chlordane 

In  No.    2  fuel  oil 
2.  0  percent 


In  water  emulsion 

0.  5  percent 

1.  0  percent 

2.  0  percent 

DDT 
In  No.    2  fuel  oil 

4  percent 

5  percent 
8  percent 

In  water  emulsion 
5  percent 


C.    Z. 


Miss. 
C.  Z. 
Miss. 


1952 


1952 
1952 
1952 


2-1/2 

5 
3-3/4 


100       100         100       100 


100       100         100 
100       100  90 

100       100         100 


100 

90 

100 


Miss. 

1951 

4 

100 

100 

100 

100 

C.    Z. 

1952 

7-1/2 

100 

100 

100 

100 

Miss. 

1952 

3-3/4 

100 

90 

90 

90 

Miss. 

1952 

3-3/4 

100 

100 

100 

100 

Miss. 

1951 

4 

100 

100 

100 

100 

C.    Z. 

1952 

7-1/2 

100 

100 

100 

90 

Miss. 

1944 

2-1/2 

100 

100 

100 

100 

C.    Z. 

1952 

5 

100 

100 

100 

100 

Miss. 

1944 

2-1/2 

100 

100 

100 

100 

Miss. 

1952 

3-3/4 

90 

80 

80 

80 

C.    Z. 

1952 

5 

100 

90 

HO 

100 


9  0 


90 


90 


90 


90       90 


50 


90 


4  0 


90 


Dieldrin 
In  No.    2  fuel  oil 

0.  5  percent 

1.  0  percent 

2.  0  percent 

In  water  emulsion 
1 . 0  percent 

2.  0  percent 


c.  z. 

1953 

5 

c.  z. 

1953 

5 

c.  z. 

1953 

5 

Miss. 

1952 

3-3/4 

c.  z. 

1953 

7-1/2 

Miss. 

1952 

3-3/4 

C.    Z. 

1953 

7-1/2 

100  100  100 
100  100  100 
100   100    100 


100  100  100   100 

100  100  100 

100  100  100   100 

100  100  100 


Sodium  arsenite 


In  water 

10.  0  percent 

Miss. 

1948 

3-3/4 

Trichlorobenzene 
In  No.    2  fuel  oil 
25.  0  percent  (vol.) 

Miss. 
C.    Z. 

1948 
1952 

3-3/4 
5 

100   100    100   100    100    100   100    100 


100   100    100   100    90    80    70    60 
100   100    100    80 


In  water  emulsion 
25.  0  percent 


Miss. 


1948 


3-3/4         100       100         100  80  80  70  60  50 


No.    2  fuel  oil 


Untreated 


Miss. 

1948 

3-3/4 

100 

HO 

4  0 

C.    Z. 

1948 

5 

20 

0 

Miss. 

1948 

20 

10 

C.    Z. 

1948 

50 

0 

Table  3.  --Effectiveness  of  soil  poisons  in  controlling  termites  in  buildings  during   10  years  of  service 


Dosage 

per   10 

lineal  ft. 

Underneath  buildings 

Outside 

of  buildings 

Total 

Formulation 

Units 
treated 

Undamaged 

Units 
treated 

Undamaged 

Units 
treated 

Undamaged 

Gallons 

Number         Percent     Number 

Percent      Number          Percent 

Coal-tar  creosote 
In  No.    2  fuel  oil 
50. 0  percent 

2 

19                      95                    8 

63                    27                         85 

Chlorinated  toluene 

(2-chloro-6-nitro-toluene) 
In  No.    2  fuel  oil 
25. 0  percent 

DDT 
In  No.    2  fuel  oil 
5. 0  percent 
10.0  percent 

In  water  emulsion 
5. 0  percent 

Orthodichlorobenzene 
In  No.    2  fuel  oil 
25. 0  percent 


Pentachlorophenol 

In  No.    2  fuel  oil 

5. 0  percent 

Sodium  arsenite 
In  water 
10  percent 


23 


100 


50 


39 


86 
6 


17 


39 


97 


92 
100 


94 


100 


19 
2 


50 


42 
50 


33 


31 


43 


105 


20 


39 


87 


4 

59 

97 

28 

75 

87 

90 

4 

Z2 

100 

7 

57 

29 

90 

93 


83 

75 


75 


100 


formulations  are  among  the  best   tested  thus  far,    and  are  suggested  for 
practical  use  to   protect   buildings: 

1.  Benzene  hexachloride,    0.8  percent   gamma  in   No.    2   fuel 
oil  or  water  emulsion. 

2.  Chlordane,    1.0  percent  in  No.  2  fuel  oil  or  water  emulsion. 

3.  Dieldrin,    0.5  percent  in  No.  2  fuel  oil  or  water  emulsion. 

4.  DDT,    8.  0   percent   in   No.    2   fuel    oil. 

5.  Trichlorobenzene,  25.0  percent  (by  volume)  in  No.  2  fuel  oil. 

6.  Sodium    arsenite,    10.0   percent   in   water. 

A   dosage  of    1  to   1-1/2  gallons  of  any  of   the  emulsions  or  of  the 
water  solution  of  sodium  arsenite  per  ten  square  feet  of  surface  area  is 
recommended  for    over-all   treatment   before   pouring    concrete    slabs. 
Four  gallons  per  ten  cubic  feet  of  soil  should  be  used  for  treating  around 
foundations. 


These  concentrations  and  dosages  provide  a  good  margin  of  safety, 
so  that  a   long  period  of  protection  can  be  expected.    Since  the  cost  of  the 


chemical  usually  is  only  a  small  portion  of  the  total  cost  of  treating  a 
building;,  it  appears  logical  to  use  enough  chemical  to  prevent  attack  for 
as    long    as    possible. 

Tables  1  and  2  show  that  much  heavier  dosages  and  concentrations 
are  necessary  in  the  Canal  Zone  than  in  Mississippi,  For  example,  2 
percent  chlordane  in  water  emulsion  at  a  dosage  of  one  pint  per  square 
foot  in  ground-board  tests  in  Mississippi  is  still  100-percent  effective 
after  seven  years;  in  the  Canal  Zone,  a  dosage  of  two  pints  per  square 
foot    was    only    30-percent    effective    for    four    years. 

Chemicals  that  gave   50-percent  or  less  protection  for  five  years 
(when  tested   at    practical    concentrations  and   rates  of   application)    are 
considered  inferior  to  those  suggested  for  use.      These    include  acetylene 
tetrachloride,     chlorinated    nitrotoluene,     copper     ammonium     fluoride, 
copper     naphthenate,      copper     sulphate,      coal-tar     creosote,      coal-tar 
creosote    plus    orthodichlorobenzene,     hexachloroethane,     lead   arsenate, 
methoxychlor,     monochloronaphthalene,     orthodichlorobenzene,     penta- 
chlorophenol,     sodium     dinitroorthocreosolate,     and     zanthane. 


PRACTICAL  APPLICATION  OF  SOIL  POISONS 

As   supplements  to  good    construction,    soil    poisons  are    practical 
and    effective  in  preventing  attacks  on   buildings.      They  are  also  valuable 
in  stopping    existing    infestations.      Since    there    are    many   variations    in 
construction,    a  detailed  discussion  of  preventive  and  remedial  treat- 
ments is  impossible.      The  essential  thing  is  to  apply  the  insecticide    in 
such  a  way  that  it  forms  a  barrier  to    termite    entry. 

Preventive  measures.  -  -Slab-on-ground  construction  is  very  sus- 
ceptible to  termite  attack,    and  remedial  measures  are  difficult  and   ex- 
pensive. .    Therefore,    prevention  is  highly  desirable.      Protection    can   be 
secured  for  many  years  by  poisoning  the  soil,    before  the  slab   is    poured, 
with  any  one  of  the  previously  listed  emulsions  or  with  a  water  solution 
of  sodium  arsenite. 

Treatment  should  be  made  after  all  filling  and  grading  is  complete, 
Critical  areas,    such  as  along  foundation  walls  and  around  plumbing, 
should  be  treated  by  the  trenching  method  described  later  under  remedial 
measures.     In  addition,    an  over-all  surface  treatment  at  a  dosage  of  not 
less  than  one  gallon  per  ten  square  feet  is  recommended  if  the  fill   is   soil 
or  unwashed  gravel.      If  cinders,    washed  gravel,    or  similar  coarse 
material  is  used  in  the  fill,    the  dosage  should  be  increased  by  at  least 
one -half. 
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Voids  in  hollow-block  foundations  should  be  treated  with  at  least 
two  gallons  per  ten  linear  feet  of  wall.      For  buildings  having  crawl  space 
or  basements,    the  trench  and  void  treatments  can  be  used  as  preventive 
measures  without  an  over-all  surface  application. 

Remedial  measures.  --In  remedial  treatment,,    slab- on-ground 
construction  presents  the  most  serious  problems,    because  it  is  difficult 
to  get  the  poisons  where  they  will   be  effective.      One  method  of  treating  is 
to  drill  holes  through  the  concrete   slab  at  any  point  where  termites  may 
enter.      The  holes  should  be  spaced  about  a  foot  apart  to  insure  proper 
treatment  of  the   soil   underneath.      Another  method  is  to  drill  through  the 
foundation  walls  from  the  outside  and  force  the  chemical  just  underneath 
the   slab  along  the  inside  of  the  foundation  and  along  expansion  joints. 
Any  one  of  the  formulations  listed  above  should  be  applied  at  the  rate  of 
four  gallons  per  ten  linear  feet  of  foundation  or  expansion  joint. 

To  treat  buildings  having  crawl  space  or  basements,    dig  a  trench 
adjacent  to  and  around  all  piers  and  pipes  and  along  the  sides  of  founda- 
tion walls,     A  trench  six  to  eight  inches  deep  and  about  the  same  width 
is  ample  for  solid  concrete  foundations  that  ha.ve  not  developed  cracks. 
While  the  trench  is  open,    one  of  the  previously  mentioned  formulations 
should  be  poured  in  at  a  rate  of  two  gallons  per  ten  linear  feet  of  trench. 
Then,    as  the  excavated  soil  is  put  back  into  the  trench,    it  also  should  be 
treated  at  the  race  of  two  gallons  per  ten  linear  feet.      This  rate  of  appli- 
cation is  equal  to  about  four  gallons  per  ten  cubic  feet  of  soil,    assuming 
that  the  chemical   spreads  downward  and  outward  from  the  trench.     For 
brickp    hollow  block,    and  concrete  foundations  that  have  cracked,    care 
should  be  taken  to  dig  the  trench  to  the  footing.      This  is  a  precaution  to 
prevent  termites  from  gaining  hidden  entry  through  voids  in  these  types 
of  foundations.      The  amount  of  chemical  applied  in  deep  trenches   should 
be  increased  correspondingly.      Voids  in  hollow-block  foundations   should 
be  treated  as  described    under   preventive    measures. 

WARNINGS      All  of  these   chemicals  are  poisonous  if  taken  in- 
ternally,   and  some  of  them  can  be  absorbed  through  the  skin.      If  they 
are   spilled  on  the  body,    they  should  be  washed  off  immediately  with 
warm,    soapy  water.      Sodium  arsenite  is  very  toxic  to  plants  and  should 
not  be   used  where  the  roots  of  valuable  plants  will  contact  it.      The  oil 
solutions  will  damage  plants  if  applied  to  their  roots. 
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U.  S.  DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

Southern  Forest  Experiment  Station 


Correction  of  Error  in  Occasional  Paper  152, 
"SOIL  POISONS  FOR  SUBTERRANEAN  TERMITES/' 
by  H.  R.  Johnston 


Readers  of  this  recent  publication  may  have  noted  the  discrep- 
ancy in  the  Summary  and  text  concerning  the  use  of  chlordane . 
In  the  second  line  of  the  second  paragraph  of  the  Summary,  the 
concentration  for  chlordane  should  be  1.0  percent  instead  of 
2.0  percent.   Please  make  this  change  in  your  copy. 
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POLE    GROWER'S   GUIDE 

Hamlin  L.    Williston 
Southern  Forest  Experiment  Station 


Pole  production  in  the  South  is  a  profitable  business  involving 
thousands  of  landowners  and  timber  operators.  During  the  last  ten  years 
an  average  of  over  4,000,000  southern  pine  poles  have  been  cut  annually. 
This  represents  approximately  75  percent  of  the  total  pole  output  of  the 
United  States  (15)„J_/ 

Most  forest  landowners  and  timber  operators  are  unfamiliar 
with  the  problems  involved  in  producing  poles.  This  paper  points  out 
some  of  the  factors  that  should  be  considered.  It  also  provides  a  con- 
venient   compilation   of   volume    tables,     specifications,    and    references. 


TREES  THAT  WILL  MAKE  POLES 

The  consensus  of  opinion  of  men  experienced  both  in  forest  man- 
agement and  pole  production  is  that  management  practices  designed  to 
grow  high-quality  sawlogs  will  also  grow  all  the  high-quality  poles 
needed.  Maintenance  of  well- stocked,  even-aged  stands  will  produce 
trees    suitable    for    either    poles    or    sawlogs. 

Poles  are  generally  marketed  under  specifications  developed  by 
the  American  Standards  Association.  These  specifications  are  given  in 
the  appendix  (p.  15),  along  with  species  requirements,  a  description  of 
the  defects  permitted,  dimensions,  manufacturing  requirements,  and 
directions  as  to  storage  and  handling.  Poles  are  classed  according  to 
the  minimum  circumferences  acceptable  at  the  top  and  six  feetlrom  the 
bottom.  For  example,  Class  1  poles  50  feet  long  must  be  at  least  46 
inches    in    circumference    six    feet    from  the    butt    and    27    inches    in    cir- 


1/     Underscored  numbers  in  parentheses   refer  to  the  list  of  literature 
on  pages   12- 14. 


cumference  at  the  top. 
Class  7  poles  50  feet  long 
need  to  be  only  29.  5  inches 
in  circumference  six  feet 
from  the  bottom  and  15  in- 
ches in  circumference  at 
the    tip. 

Pole    classes    based 
upon    tree     circumferences 
inside  the     bark     are     not 
easily      understood    by    the 
average  landowner.     Hawes 
(9,    _14)  and    Rothacher 

(11),  realizing  this,  worked 
up  tables  giving  the  min- 
imum tree  diameter  at 
breast  height,  outside  bark, 
required  to  yield  poles  of 
all  classes  and  lengths 
(tables  1  and  2).  Hawes 
based  his  table  upon  the 
formula: 


Table   1.  --Minimum  diameter  at  breast  height  (outside  bark)  of  trees  to  meet 
American  Standards  Association  specifications  for  various 
classes  of  southern  pine  poles 


Distance 

butt 

to 

ground 

line 

Pole  class 

1 

2 

3 

4 

5 

6 

7 

Pole 
length 

Min.    top 

circumference 

(inches) 

27 
inches 

25 
inches 

23 
inches 

21 
inches 

19 
inches 

17 
inches 

15 
inches 

(feet) 

Min.    top 
diameter 
(inches) 

8.  6 
inches 

8.  0 
inches 

7.  3 
inches 

6.  7 
inches 

6.  0 
inches 

5.4 
inches 

4.  8 
inches 

16 
18 
20 
22 
25 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 


85 
90 


3.  5  

3.5  

4  11.4  10.  7 

4  11.9  11.  2 

5  12.  5  11.  8 

5.5  13.6  12.7 

6  14.5  13.6 

6  15.  2  14.  3 

6.5  15.9  15.0 

7  16.6  15.6 

7.  5  17.  2  16.  1 

8  17.9  16.6 

8.  5  18.4  17.  2 

9  19.0  17.7 

9.  5  19.  5  18.  3 

10  19.9  18.6 

10.5  20.4  19.2 

11  20.8  19.5 

r  Hawes  (9.    14). 


9.  6 
9.9 
10.  5 

10.  9 

11.  8 

12.  7 

13.  4 
13.9 

14.  5 

15.  0 
15.6 

16.  1 

16.  6 

17.  0 

17.  5 

17.  9 

18.  3 


8.9 

9.  2 

9.  6 

10.  1 

10.  9 

11.  6 

12.  3 

13.  0 

13.  6 

14.  1 

14.  5 

15.  0 
15.4 
15.9 

16.  3 


8.  1 
8.  5 
8.9 
9.4 


10.  1 
10.  9 
11.4 
11.9 
12.  5 

13.0 
13.4 
13.9 
14.  3 


6.  5 
6.9 

7.  2 

7.  6 

8.  0 

8.  7 

9.2 

9.8 

10.  3 

10.  7 


DBH  (outside  bark)    = 


Minimum  circumference  6  feet  from  butt 
0.  88  x  3.  1416 


Rothacher  assumed  a  taper  of  0.  1  inch  between  d.  b.  h.    and  the  6- 
foot  point  at  which  the  American  Standards  Association  prescribes    cir- 
cumference.     Age  of  timber,     de- 
gree of  taper,    and  bark  thickness 
all  affect  pole  class  and    may 
cause  occasional  deviations  from 
the  values  in  tables   1  and  2. 


Hawes  (9)  developed   a  pole 
caliper  scale  which  can  be  pasted 
on  an  ordinary  tree  caliper.    Pole 
class  and  length  can  be    read   di- 
rectly from  the  scale  when  a  pro- 
spective pole  tree  is  calipered. 
This  scale,    a  copy  of  which  will 
be  found  following  page  34,    tends 
to  overestimate  pole  length   in 


meet  s 

pec 

fications 

for  poles  of  various 

1  e  n 

iths 

an 

,i  i 

assesW 

Pole 

length 
(feet) 

Clas  s 
1 

Class 
2 

Class 
3 

Class 
4 

Class 
5 

Class 
6 

Class 
7 

Inches 

8.  1 

7 

4 

16 

6.  9 

18 

9.  8 

9.  1 

8.4 

7 

9 

7.  2 

20 

11 

5 

10 

8 

10.  2 

9.4 

8.  8 

8 

2 

7.  6 

22 

12 

0 

11 

3 

10.  6 

9.8 

9.  1 

8. 

6 

7.  9 

25 

12 

5 

11. 

8 

11.  0 

10.  3 

9.  6 

8. 

9 

8.  2 

30 

13 

5 

12. 

7 

11.  9 

11.  0 

10.  3 

9. 

6 

8.  9 

35 

14 

4 

13. 

6 

12.  7 

11.  7 

11.  0 

10. 

1 

9.4 

40 

15 

1 

14. 

3 

13.4 

12.4 

11.5 

10. 

6 

10.  0 

45 

15 

8 

14. 

9 

13.9 

13.  1 

12.  0 

1  1. 

2 

10.  5 

50 

16. 

5 

15. 

5 

14.4 

13.  6 

12.  5 

11. 

7 

10.  8 

55 

17. 

0 

16. 

0 

14.  9 

14.  1 

13.  1 

12. 

2 

60 

17. 

7 

16. 

5 

15.  5 

14.  5 

13.4 

12. 

6 

1/    After  Rothacher  (11).      Based  on  taper  of  0.  1  inch  between 
d.  b.  h.    (4.  5-foot  point)  and  belt  line  (6-foot  point  at  which 
American  Standards  Association  prescribes  circumference). 
Average  regression  computed  from  data  on  119  trees  ranging 
from  6  to  ZZ  inches  showed  that  d.  o.  b.    =  0.  57  +  1.  081   d.  i.  b. 
with  a  standard  error  of  0.46  inch. 


young    stands,    but   a    correction  factor    can   be    quickly   worked   out   for 
individual    stands. 


MARKETING  CONSIDERATIONS 

Growing  poles  can  be  highly  profitable,  but  anyone  interested  in 
doing  so  should  first  consider  all  the  questions  involved.     Is    pole  pro- 
duction compatible  with  the  objective  of  management?    Is  the  aim  of  the 
timber  grower  to  obtain   maximum  returns    per  acre  or  to    supply   raw 
material   for  a  specific  type  of   manufacturing    plant?     What   classes    of 
poles  are    most   profitable    to  grow?     Do   poles    or    sawlogs    return   the 
greater    stumpage? 

Small  poles  are  the  bread  and  butter  of  the  pole  industry.  There 
is  always  a  good  demand  for  distribution- line  poles,  i.  e.  ,  35-,  40-,  and 
45-foot  poles.  When  large  transmission  poles  are  needed  they  are 
frequently  hard  to  obtain  and  warrant  special  consideration  because  of 
the  stumpage  prices  they  command.  The  demand  for  large  poles,  how- 
ever, is  sporadic,  and  these  sizes  make  up  a  comparatively  small 
segment   of   the    business. 


Pole  Prices  and  Stumpage  Returns 


Pole  prices  vary  from  one  area  to  another.      Table  3  shows  the 
prices  paid  in  1956  in  Arkansas  and  Louisiana  for  rough  peeled  pine 

poles  f.  o.  b.    railway   car. 


-Price  of  rough  peeled  pine  poles  in  Arkansas  and  Louisiana, 
f.  o.  b.    car,    1936 


Pole 

length 
(feet) 


Class 
2 


Class 
3 


Class 

4 


Class 
5 


Class 
9 


Class 
10 


16 

-  Dollars 
1.  15 

1.  15 

1.  05 

1.  00 

0.  85 

18 

1.  30 

1.  30 

1.  30 

1.  30 

1.  25 

1.  20 

.  95 

20 

2.  00 

1.  75 

1.  65 

1.  65 

1.65 

1.  50 

1.  45 

1.  05 

25 

2.50 

2.  25 

2.  25 

2.  25 

2.  25 

2.  00 

1.  80 

1.  30 

30 

4.  00 

3.  25 

3.  00 

3.  00 

3.  00 

2.  50 

2.  00 

35 

9.  00 

7.  50 

7.25 

6.  50 

4.  25 

3.  00 

40 

11.  00 

10.  00 

9.  00 

8.  00 

6.  30 

45 

13.  00 

11.  50 

10.  50 

8.75 

50 

20.  00 

17.  00 

14.  00 

55 

26.  00 

24.  50 

19.  50 

60 

32.  00 

29.  00 

26.  00 

65 

40.  00 

37.  00 

31.  00 

70 

50.  00 

46.  00 

40.  00 

75 

62.  50 

55.  00 

48.  00 

80 

74.  00 

65.  00 

50.  00 

85 

83.  00 

73.  00 

90 

92.  00 

82.  00 

95 

100.  00 

90.  00 

100 

115.  00 

100.  00 

The  stumpage  "royalty" 
that  the  landowner  receives 
is  generally  a  percentage 
of  the  price  the  producer 
obtains  for  the  rough  peeled 
poles  loaded  on  the  car.  Per- 
centages vary  according  to 
the  length,    demand,    supply, 
cut  per  acre,    and  distance 
from  railroad  siding.    The 
percentages  in  effect   in 
Arkansas  in  1954  and  1955 
are  shown  in  the  tabulation 
on   the    next   page. 
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Pole  length  (feet)  Stumpage  received 

(percent  of  price  f.  o.  b.    car) 

16  to      30  25  to  30 

35  to  .  45  40  to  45 

50  to     55  50  to  60 

55  to     65  60  to  65 

70  to  105  60  to  75 


Length  affects  stumpage  return  to  a  much  greater  extent  than  pole 
class.      It  can  be  seen  in  table  3  that  five  feet  of  additional  length   will 
return  more  in  the  form  of  stumpage  than  a  rise  of  one  class.        For    ex- 
ample,   a  Class  3  pole  70  feet  long  is  worth  $46  on  the  car  and  a  Class    2 
pole  of  the   same  length  brings  $50.      But  a  Class   3  pole  75  feet  long  re- 
turns $55--the  increase  in  length  being  worth  $5  more  than  a  step  up  in 
class. 


Discretion  Needed  in  Cutting 

Timber  landowners   should  insist  on  selling  their  poles  on   a 
marked  woods-run  basis.      If  given  a  free  hand,    pole  producers  will  re- 
move many  of  the  best  sawlog  trees.      Those  trees  most  profitably  cut 
into  pulpwood  are  also  most  suitable  for  small  poles.     It  is  up  to  the 
landowner  to  decide  which  market  best  suits  his  objectives  and  to  mark 
his  timber  for  cutting  accordingly. 

Pole  users  are   reluctant  to  widen  the  range  in  size  of  the  poles 
they  require.      Most  pole  buyers,    therefore,    have  a  tendency  to  cut  back 
trees  to  obtain  the  lengths  and  classes  for  which  they  have   current 
markets.      This   refusal  to  manufacture  trees  into  poles   of  currently 
unwanted  lengths   results  in  loss   of  stumpage  for  the  landowner.    Where 
long  poles  are  not  in  demand,    stumpage  returns  can  often  be  increased 
by  selling  the  butt  log  as  a  high-grade   sawlog  and  the   upper  portion  of 
the  tree  as  a  pole. 

Dense  stands  will  produce  more  lineal  feet  of  poles  than  sparse- 
ly stocked  forests,    because  the  taper  of  trees  in  dense  stands  more 
nearly  approximates  the  class  minimum  set  up  in  the  specifications. 
Stands  in  which  the  production  of  poles  is  the  primary  objective   should, 
therefore,    be  kept  well  stocked.      The  increase  in  number  of  long  poles 
produced  in  heavily  stocked  stands  will  more  than  compensate  for 
slower  diameter    growth. 
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Class   1  poles  are  not  always  marketable.      Furthermore,    if  over- 
size Class   1  poles  are  grown,    the  stumpage  price  per  thousand  board 
feet  is  reduced  because  additional  board  footage  is  given  for  the   same 
price.      Prices  paid  for  poles  f.  o.  b.    car  are  often  such  that  the  returns 
per  thousand  board  feet  of  poles  are  greater  for  Class  2  and  3  poles  than 
for  Class   1  poles.      Class  2  poles,    therefore,    should  be  the  production 
maximum  of  most  landowners. 


Points  of  View 

The  disadvantages  mentioned,    along  with  the  expense  of  admin- 
istering an  integrated  harvest  for  two  or  more  products,    are  frequently 
enough  to  outweigh  the  advantages  of  producing  poles  in  all  but  the  small 
sub-sawlog  sizes  or  in  lengths   50  feet  or  longer.      One  forester,    ex- 
perienced in  handling  pole  stumpage   sales,    has  this  to  say:     "The  most 
profitable  market  for  straight  trees   16  to  21  inches  d.  b.  h.    is  in  poles. 
Trees  less  than  16  inches  d.  b.  h.    or  50  feet  in  length  should  not  be  cut 
for  poles  unless  of  very  low  grade  or  too  small  for  logs,  since  only  saw- 
log  stumpage    returns    can    be    expected.  " 

In  commenting  on  this   statement,    a  forester  engaged  in  buying 
poles  for  a  treating  plant  felt  that  everything  hinged  on  the   stumpage 
prices  paid.      He   stated  that  "Currently,  35- ,    40-,    and  45-foot  poles  are 
worth  50  percent  of  the  f.  o.  b.    car  price  for  rough  peeled  poles  if  3  to 
5  poles  are  produced  per  acre  and  provided  that  a  rail  point  is  within 
reasonable   distance,    i.  e.  ,    25  to  40  miles,    depending  upon  the  condition 
of  the  road.      Excellent  returns  can  be   realized  at  this   stumpage  price 
from  trees   of  sizes  which  usually  contain  a  rather  high  percentage  of 
low-grade  lumber.      Trees  cut  in  thinning  small  sawlog-sized  stands 
under  these  price  conditions  can  very  profitably  be  marked  as  poles.  " 


Poles  Versus  Sawlogs 

The  question  will  frequently  arise  as  to  whether  a  tree  is  worth 
more  as  sawlogs  or  as  a  pole.      The   sawlog  stumpage  value  of  a  tree 
can  be  determined  by  multiplying  the  current  stumpage  price  in  dollars 
per  thousand  board  feet  by  the  volume  of  the  tree  in  board  feet.       The 
board-foot  volume  of  southern  pine  poles  can  be  read  from  curves  such 
as  those  in  figure   1,    whix:h  were  developed  by  Rothacher  (11)  or  from 
volume  tables  given  on  pages   7,    8,    and  9. 

The  pole   stumpage  value  of  a  tree  can  be  determined  by  multi- 
plying the  f.  o.  b.    price  on  the  car  by  the  current  pole  "royalty".     For 


example,  a  tree  which  will  make  a  50-foot  Class  2  pole  will,  according 
to  figure  1,  have  a  volume  of  229  board  feet.  At  $40  per  MBF  for  stump- 
age  the  sawlog  value  of  such  a  tree  will  be  $40  x  .  229  =  $9.  16.  Accord- 
ing to  table  3,  such  a  pole  was  worth  $20  f.  o.  b.  car  in  Arkansas.  At  a 
pole  royalty  of  50  percent  this  tree  would  be  worth$10on  the  stump  as  a 
pole. 


VOLUME  TABLES 


400 


Some  of  the  differences  in  opinion  as  to  the  merits  of  integrating 
pole  production  with  sawlog  and  pulpwood  production  are  due  to  the  low 
scale  given  in  some  volume  tables.    This  has  resulted  in  underestimating 
the  sawlog  volume  and  value  involved.      Before  using  any  of  the  tables  in 

this    handbook,     pole    pro- 
ducers should  scale  a  rep- 
resentative sample  of  their 
poles    to    determine    which 
table,     if    any,     is    locally 
applicable.     It    m  a  y      be 
necessary  to  develop  a  local 
table. 


Board-Foot  Tables 

Tables  4,    5,    and    6 
show   the    board-foot    con- 
tents   of   pine   poles    by   the 
International,    Doyle,     and 
Scribner  rules.  These  tables, 
which  were  compiled  by  the 
Southern  Region  of  the  U.  S. 
Forest   Service    (14),     are 
based   on   the    American 
Standards  Association  pole 
specifications  for  southern 
pine.  An  attempt  was  made, 
however,    to  determine    the 
average    diameter    in   each 
class  rather  than  to  use  the 
minimum  diameters  speci- 
fied  by   the    American 
Standards  Association. 


0"— Vv 


40  50 

LENGTH     (FEET) 


Figure  1.- -Volume  (International  1/4-inch 
rule)  of  southern  pine  poles  of  various 
lengths  and  classes. 


6  - 


Table  4.  --Contents  of  poles,    International  1/4-inch  rule,    by 
class  and  average  top  diameter_l/ 


Table   5.  --  Contents  J.'    of  poles,    Doyle  rulej/,    by  class  and 
average  top  diameter 


Pole 
length 
(feet) 


Class  1 

8.9 
inches 


Class  Z 

8.  3 
inches 


Class   3 

7.  6 
inches 


Class  4 

7.  0 
inche  s 


Class   5 

6.4 
inches 


Class  6 

5.  7 
inches 


Class  7 

5.  1 
inches 


Pole 
length 
(feet) 


Class   1 
8.9 


Class  2    Class  3 

8.  3  7.6 

inches       inches 


Class  4 

7.  0 
inches 


Class  5  I  Class  6 

6.4  5.7 

inches       inches 


Class  7 

5.  1 
inches 


16 

Board  feet 

19 

19 

12 

16 

18 

45 

33 

11 

22 

14 

18 

24 

14 

4 

4 

1 

20 

66 

50 

50 

36 

31 

25 

16 

20 

38 

26 

26 

15 

7 

7 

3 

22 

74 

57 

57 

42 

37 

29 

19 

22 

43 

37 

29 

17 

12 

7 

3 

25 

87 

78 

67 

49 

43 

34 

21 

25 

48 

41 

32 

20 

14 

9 

4 

30 

123 

97 

84 

75 

55 

44 

37 

30 

71 

50 

39 

33 

16 

10 

4 

35 

135 

126 

117 

89 

74 

57 

47 

35 

81 

75 

67 

45 

19 

12 

10 

40 

184 

164 

147 

115 

86 

74 

62 

40 

112 

97 

82 

60 

34 

22 

16 

45 

236 

191 

161 

152 

117 

93 

66 

45 

150 

113 

87 

81 

36 

27 

21 

50 

280 

229 

203 

159 

153 

113 

90 

50 

191 

1  >x 

124 

89 

55 

37 

21 

55 

320 

262 

253 

202 

167 

132 

55 

216 

180 

158 

1  17 

85 

53 

39 

60 

384 

300 

272 

228 

180 

155 

60 

267 

190 

166 

130 

87 

61 

65 

417 

347 

347 

283 

208 

65 

276 

222 

222 

169 

91 

72 

70 

483 

405 

365 

315 

238 

70 

347 

286 

231 

195 

105 

75 

511 

441 

428 

353 

75 

361 

313 

287 

222 

132 

80 

609 

517 

517 

432 

80 

445 

360 

360 

285 

85 

629 

548 

532 

456 

85 

461 

384 

371 

292 

90 

739 

630 

630 

532 

90 

556 

455 

455 

365 

1/     As  published  by  Southern  Region,    U.    S.    Forest  Service  (14). 
All  poles  scaled  in  16-foot  lengths  or  less  inside  bark  to  the 
nearest  full  inch.      Average   rather  than  minimum  diameters  for 
each  class  have  been  used. 


1/     As  published  by  Southern  Region,    U.    S.    Forest  Service  (14). 
All  poles  scaled  in  16-foot  lengths  or  less  inside  bark  to  the 
nearest  full  inch.      Average  rather  than  minimum   diameters  for 
each  class  have  been  used. 

2/     V  =    (P-4/  L 
—  16 


These  tables    will  not  al- 
ways   check  on   individual   poles, 
but    should    give    a    reasonably 
accurate   answer   for    a   group 
of  poles.     In    compiling      the 
tables    both   the     Doyle     and    In- 
ternational   scales    were    applied 
to  the    diameter    inside  bark   and 
the    values    read   to    the    nearest 
full  inch.     Each  pole  was  scaled 
in   lengths    of   no    more    than    16 
feet.     In  some  localities  scaling 
practices    may   vary  from  those 
described.     For    example,    it  is 
very    common   in    some    places 
to    scale    logs     smaller    than    8 
inches     in    diameter    by    giving 
them    a   value     equal    to  their 
length.      This     was    not    done    in 
these  tables. 


Table  6.  - -Contents  J.'    of  poles,    Scribner  rule_',    by  class  and 


a 

verage  top  diamt 

ter 

Pole 

Class  1 

Class  2 

Class  3 

Class  4 

Class  5 

Class  6 

Class  7 

length 

8.  9 

8.  3 

7.  6 

7.  0 

6.4 

5.7 

5.  1 

(feet) 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

oard  fee 

t3/  -  . 

20 

16 

20 

20 

18 

40 

30 

20 

20 

20 

20 

60 

50 

50 

30 

30 

20 

20 

22 

60 

50 

50 

30 

30 

30 

20 

25 

70 

50 

50 

40 

30 

30 

20 

30 

100 

80 

60 

60 

4  0 

40 

40 

35 

110 

100 

90 

60 

60 

50 

40 

40 

160 

130 

120 

100 

90 

60 

50 

45 

200 

160 

130 

130 

100 

80 

60 

50 

230 

190 

160 

140 

110 

90 

70 

55 

260 

220 

200 

160 

130 

110 

60 

320 

240 

220 

190 

140 

130 

65 

350 

280 

280 

240 

I  HO 

71) 

410 

350 

290 

260 

200 

75 

440 

400 

370 

290 

80 

530 

440 

440 

380 

85 

550 

470 

460 

400 

90 

650 

550 

550 

450 

1/     As  published  by  Southern  Region,    U.    S.    Forest  Service  (14). 
All  poles   scaled  in   16-foot  lengths  or  less  inside  bark  to  nearest 
full  inch.      Average   rather  than  minimum  diameter  for  each  class 
used. 

2/     V  =  0.  79D2  -  (2D  +  4}. 

3/     Rounded  to  nearest   10  feet. 


Table  7.  --Volume  of  poles  in  board  feet  {Doyle  rale)    for 


slash  and 

ongleaf  pine  in 

southe 

rn  Alab 

imaW 

Pole 
length 
(feet) 

Class 
1 

Class 
2 

Class 
3 

Class 
4 

Class 
5 

Class 
6 

Class 

7 

-Board  feet- 

30 

37 

25 

20 

35 

123 

97 

77              57 

42 

33 

23 

40 

146 

115 

96             77 

59 

46 

36 

45 

181 

139 

115             97 

81 

62 

50 

179 

148           126 

1/     From  unpublished  data  by  T.    C.    Croker,    Southern 
Forest  Experiment  Station. 


Table  8.  --Volume  of  poles  in  board  feet  (International 
1/4-inch  rule)  for  slash  and  longleaf  pine 
in  southern  AlabamaJ./ 


Pole 
length 
(feet) 


Class 
1 


Class 
2 


Class 
3 


Class 
4 


Class 
5 


Class 
6 


Class 
7 


-      -B 

oard  feet 

30 

80 

65 

56 

35 

184 

151 

129 

106 

88 

76 

60 

40 

221 

184 

160 

139 

116 

99 

85 

45 

269 

224 

193 

172 

153 

129 

50 

264 

231 

207 

1/     From  unpublished  data  by  T.    C.    Croker,    Southern 
Forest  Experiment  Station. 


Table  9.  --Volume  of  poles  in  board  feet  (Doyle  rule)  for 


s 

hortlea 

f  and  lo 

Dlolly  p 

ine  in  southern 

Arkansas  _1_/ 

Pole 
length 
(feet) 

Class 
1 

Class 

2 

Class 
3 

Clas  s 
4 

Class     Class 

5               6 

Clas  s 
7 

-      -Be 

73 

jard  fee 
57 

35 

105 

95 

47             42             20 

40 

136 

121 

106 

85 

67              55 

45 

182 

149 

128 

109 

93 

50 

214 

177 

147 

130 

55 

253 

216 

172 

148 

60 

303 

248 

205 

182 

65 

342 

297 

247 

216 

70 

408 

344 

296 

244 

75 

466 

390 

339 

278 

80 

522 

447 

385 

85 

578 

510 

425 

90 

660 

566 

467 

95 

760 

638 

520 

100 

865 

726 

585 

105 

975 

820 

660 

1/     From  unpublished  data  by  R.    F.    Kennedy,    The 
Crossett  Company. 


Croker    measured    and 
classified  3,844  slash  and  long- 
leaf  pine    poles    near   Brewton, 
Alabama.      Tables  7  and   8    were 
prepared  from  these    measure- 
ments.    He    found   that   volumes 
computed    from    the    Southern 
Region   tables    were    26   percent 
lower    in   board  feet   Doyle,    18 
percent   lower  in   Scribner,    and 
19     percent    lower    in    Inter- 
national   than   his    local    tables. 
R.    F.    Kennedy    compiled    a 
Doyle-rule  volume  table  (table  9) 
from    measurements    taken    of 
569  shortleaf  and   loblolly  poles 
in  southern  Arkansas;  his  values 
averaged  23  percent  higher  than 
the  Southern  Region  tables.     In- 
stances suchas  these  emphasize 
the    need   for  a  careful    check  of 
volume  tables  if   it  is  suspected 
that  local   pole     utilization    or 
tapers  differ  from     those   of   the 
tables  under  consideration. 

Pole  volumes    by  the   In- 
ternational   rule  were  also  com- 
puted   (table    10)     by   Rothacher 
(11).    He  assumed  a  taper  of  1/2 
inch  in   4  feet  and   employed  the 
International     1/4-inch  rule 
formula   for    4-foot    sections 
(.  22D2   -    .  71D).         Neither 
Rothacher' s    nor    the     Southern 
Region's  assumptions  appear  to 
be    consistent    with   actual   pole 
measurements.      More    board 
feet   are    usually   involved   in   a 
given   pole  than  the  pole  volume 
tables     indicate,     probably    be- 
cause poles  taper  more    rapidly 
to  a    larger    butt   than  to  a  min- 
imum-sized butt. 
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Table  10.  --Volumes  of  southern  pine  poles,    International  1/4-inch  rule,    by 
class  and  average  top  diameter^/ 


Pole 

Class  1 

Class  2 

Class  3 

Class  4 

Class  5 

Class  6 

Class  7 

Class  8 

Class  9 

Class  10 

length 

8.9 

8.  3 

7.6 

7.  0 

6.4 

5.7 

5.  1 

6.  1 

5.  2 

4.  3 

(feet) 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

-  Boar 

d  feet  - 

16 

ZZ 

17 

12 

20 

13 

8 

18 

40 

33 

27 

20 

15 

24 

16 

10 

20 

66 

57 

46 

38 

31 

24 

18 

28 

19 

12 

ZZ 

75 

65 

53 

44 

36 

28 

21 

32 

22 

14 

25 

90 

78 

64 

54 

44 

34 

26 

40 

28 

18 

30 

116 

101 

85 

72 

59 

47 

37 

54 

39 

35 

146 

128 

108 

92 

77 

62 

50 

70 

40 

180 

158 

134 

115 

97 

79 

64 

45 

217 

192 

164 

142 

120 

99 

82 

50 

258 

229 

197 

172 

147 

122 

102 

55 

304 

271 

234 

205 

177 

149 

126 

60 

353 

316 

275 

242 

210 

178 

152 

65 

408 

366 

320 

283 

248 

70 

467 

421 

370 

329 

289 

75 

530 

480 

424 

378 

80 

599 

543 

482 

432 

85 

674 

613 

546 

90 

7  54 

687 

614 

1/    After  Rothacher  (11).     Taper  established  at  1/2-inch  in  4  feet  and  the  International 
1/4-inch  log  rule  formula  for  4-foot  sections  used. 


Cubic-Foot  Tables 

Pulpwood  producers  will  be  interested  in   the    cubic    volumes 
involved  in   poles    of   different    sizes.      Table    11    was    constructed  from 
Rothacher's    d.  b.  h. -top    d.  i.  b.     table    and  Grosenbaugh's   Giant    Tree 
Table    (8).      Cubic-foot   volumes    compiled  in   this    manner    vary   some- 
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Table   11.  --Cubic  volumes  of  southern  pine  poles,    by  class  and  average 


top  diameter  1  / 

Pole 

Class  1 

Class   2 

Class  3 

Class  4 

Class  5 

Class  6 

Class  7 

Class  8 

Class  9 

Class  10 

length 

8.9 

8.  3 

7.  6 

7.  0 

6.4 

5.7 

5.  1 

6.  1 

5.  2 

4.  3 

(feet) 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

inches 

-  Cubic 

feet-      - 

16 

4.  8 

4.  0 

3.  3 

4.  5 

3.4              2.4 

18 

7.6 

6.6 

5.  6 

4.7 

3.9 

5.  2 

4.  0              2.  8 

20 

11.  3 

9.9 

8.6 

7.  5 

6.4 

5.4 

4.  5 

6.0 

4.  6             3.  3 

22 

12.  7 

11.  2 

9.8 

8.  5 

7.  3 

6.2 

5.  2 

6.8 

5.3              3.8 

25 

15.  0 

13.  3 

11.  6 

10.  1 

8.7 

7.4 

6.  2 

8.  2 

6.  4              4. 7 

30 

19.  1 

17.  0 

15.0 

13.  1 

11.  3 

9.7 

8.  2 

10.7 

8.  5 

35 

23.7 

21.  1 

18.  7 

16.  5 

14.  3 

12.  3 

10.  5 

13.  5 

40 

28.7 

25.7 

ZZ.  8 

20.  2 

17.7 

15.  3 

13.  1 

45 

34.  2 

30.  7 

27.4 

24.  3 

21.4 

18.7 

16.  1 

50 

40.  2 

36.  2 

32.4 

28.  9 

25.5 

22.4 

19.5 

55 

46.  7 

42.  2 

37.  9 

33.9 

30.  1 

26.  5 

23.  2 

60 

53.7 

48.  7 

43.  9 

39.4 

35.  1 

31.  1 

27.  3 

65 

61.  3 

55.  7 

50.4 

45.4 

40.  6 

70 

69.  5 

63.  3 

57.4 

51.  9 

46.6 

75 

78.  3 

71.  5 

65.  0 

58.  9 

80 

87.  7 

80.  3 

73.  2 

66.  5 

85 

97.  7 

89.  7 

82.  0 

90 

108.4 

99.7 

91.4 

1/     Basis:    Grosenbaugh's  Giant  Tree  Table  (8)  and  Rothacher's  d.  b.  h. -top 
d.  i.b.    table  (11). 


what  from  those  in  table  12,    which  shows  the  cubic-foot   volume    and 
weight   of   poles    treated   with   8   pounds    of   creosote    as    given   in   the 
Handbook   of   Treated  Forest   Products  (1).      Table    12   was   based  on 
the    American   Standards   Association   cubic    table.      A    cubic-foot  vol- 
ume   table   prepared  by    Croker    (table    13   p.    12)  checked  within    5 
percent   of   the    cubic-foot   table    of   the   American   Standards  Association. 
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Table  12.  --Cubic  volume  and  treated  weights  per  pole  of  southern  pine  poles_L 


1/ 


Pole 
length 
(feet) 

Class 
1 

Class 
2 

Class 
3 

Class 
4 

Class 

5 

Class 
6 

Class 

7 

Class 
8 

Class 
9 

Class 
10 

CUBIC  VOLUME 

Cubic 

feet  - 

16 

4.  25 

3.  67 

3.  00 

3.42 

2.  50 

2.  00 

18 

6.  92 

5.92 

5.  00 

4.  25 

3.42 

3.  83 

2.75 

2.42 

20 

12.  91 

10. 

25 

8.  50 

7.  17 

6.  00 

5.  17 

4.25 

4.75 

3.  67 

2.92 

22 

15.  00 

12. 

25 

10.  17 

8.42 

7.  25 

6.  17 

5.  17 

5.  58 

4.25 

3.42 

25 

18.00 

14. 

75 

12.  25 

10.42 

8.  92 

7.  67 

6.25 

7.  08 

5.25 

4.25 

30 

23.  25 

19. 

67 

16.75 

14.  25 

12.  00 

10.  00 

8.  25 

9.  33 

6.75 

35 

28.  50 

24. 

42 

21.  00 

18.  25 

15.  67 

13.  50 

11.75 

12.  67 

40 

34.  25 

29. 

50 

25.  50 

22.  17 

19.  25 

16.75 

14.  67 

45 

40.41 

34. 

75 

30.25 

26.  25 

23.  17 

20.  25 

17.75 

50 

47.  00 

40. 

25 

35.  00 

30.  67 

27.  17 

24.  17 

21.  25 

55 

54.42 

46. 

67 

40.  00 

35.  17 

31.  25 

28.42 

60 

62.75 

53. 

50 

45.  67 

39.  75 

35.  50 

32.  75 

65 

73.  00 

60. 

75 

51.  17 

44.  67 

40.  67 

70 

84.  00 

68. 

75 

57.  17 

49.  67 

45.  25 

75 

94.  50 

77. 

00 

63.75 

54.  92 

80 

106.  67 

86. 

17 

70.  67 

60.  25 

85 

120. 00 

95. 

75 

78.  17 

90 

135.  67 

106. 

75 

86.  00 

TREATED  WEIGHTS 


uulluo 

202 

165 

188 

138 

16 

234 

110 

18 

380 

326 

275 

234 

188 

211 

151 

133 

20 

710 

5  64 

467 

394 

330 

284 

234 

261 

202 

160 

22 

825 

674 

559 

463 

398 

339 

284 

307 

234 

188 

25 

990 

811 

674 

573 

490 

422 

344 

389 

289 

235 

30 

1,  280 

1,  082 

921 

7  84 

660 

550 

4  54 

513 

371 

35 

1,  567 

1,  343 

1,  155 

1,  004 

862 

742 

646 

697 

40 

1,  884 

1,  622 

1,403 

1,  219 

1 

059 

921 

807 

45 

2,  222 

1,  911 

1,  664 

1,444 

1 

274 

1,  114 

976 

50 

2,  585 

2,  214 

1,  925 

1,  687 

1 

494 

1,  329 

1,  169 

55 

2,  993 

2,  567 

2,  200 

1,  934 

1 

718 

1,  563 

60 

3,765 

3,  210 

2,  740 

2,  385 

2 

130 

1.  965 

65 

4,  380 

3,  645 

3,  070 

2,  680 

2 

440 

70 

5,  040 

4,  125 

3,430 

2,  980 

2 

715 

75 

5,  670 

4,  620 

3,  825 

3,  295 

80 

6,400 

5,  170 

4,  240 

3,  615 

85 

7,  200 

5,  745 

4,  690 

90 

8,  140 

6,405 

5,  160 

1/     From  the  Handbook  of  Treated  Forest  Products  (1).      The  weights  in  this  table  are  based  on  treatment 
with  a  final  retention  of  8  pounds  of  Grade   1  creosote  oil.     For  other  retentions  add  to  or  subtract  from 
the  basic  weights  one  pound  per  cubic  foot  for  each  one-pound  variation  in  the  retention  of  preservative 
specified. 


Table   13.  --Cubic  volume  of  slash  and  longleaf  pine  poles  in 


southern  AlabamaJ. / 

Pole 
length 
(feet) 

Class 
1 

Clas  s 
2 

Class 
3 

Class 

4 

Class 

5 

Class 

6 

Class 
7 

-      -      -  C 

ubic  feet 

30 

14.4 

12.  1 

10.  9 

35 

28.  5 

24.  5 

21.  4 

18.  3 

15.  8 

14.  1 

40 

33.  9 

29.  3 

26.  0 

23.  3 

20.  3 

17.  9 

11.  9 

45 

41.  2 

34.  9 

31.  2 

28.  3 

25.  8 

22.  6 

16.  0 

50 

41.  1 

36.  7 

33.  5 

1/     From    unpublished  data  by  T.    C.    Croker,    Southern  Forest 
Experiment  Station. 


LITERATURE  AVAILABLE 

Very  little  has  been  written  on  the  management  of  pine   stands 
for  the  production  of  poles.      A  partial  bibliography  of  the  literature 
about  poles  is  included  here  for   the   reader's   convenience.      It  deals 
mainly  with  specifications,    preservative  treatment,    resource  esti- 
mates,   and  the  golden  opportunities  awaiting  pole  producers. 

Piling  production  is  largely  a  special- order   ousiness  about 
which  almost  nothing  has  been  written.      Piling   specifications  are  in- 
cluded in  the  appendix  for  the  benefit  of  those  who  may  be  interested 
in  piling  as  well  as  poles. 

(1)  American  Creosote  Works. 
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APPENDIX  A.     AMERICAN  STANDARD 
SPECIFICATIONS  AND  DIMENSIONS  FOR  WOOD  POLES 

The  following    excerpts    are    reproduced,    by   permission,    from    Publi- 
cation   05.1-1948    of  the    American   Standards  Association,    "American 
Standard   Specifications    and   Dimensions  for    Wood   Poles.  "     Complete 
copies  of  the    specifications  are  available  from  the  American  Standards 
Association,  Inc.  ,  70  East  45  Street,  New  York  17,    N.  Y. 

1.   Scope  and  General 

1.1  Scope.  This  standard  consists  of  specifications  and  dimensions  for  wood  poles  that  are  to  be  given 
a  preservative  treatment. 

1.2  General.  The  species,  the  length  and  class  of  poles,  the  type  of  treatment  (including  seasoning 
details,  if  seasoning  is  desired),  and  complete  details  for  the  roofing,  gaining,  boring,  and  branding 
shall  be  given  in  the  purchase  orders. 

Complete  detailed  instructions  shall  be  given  the  supplier  whenever  the  requirements  of  these 
specifications  are  modified  to  meet  special  conditions. 

1.3  Definitions.  For  definitions  of  terms  used  in  these  specifications  see  Section  6. 


Specifications 


2.   Material  Requirements 

2.1  Species. 

Group  I :  Fiber  stress  3600  pounds  per  square  inch 
Northern  white    (eastern)    cedar    (Thuja  occidentalis) 

Group  II:  Fiber  stress  5600  pounds  per  square  inch 
Western  red  cedar  (Thuja  plicata) 

Group  III :  Fiber  stress  6000  pounds  per  square  inch 
Ponderosa  pine  (Pinus  ponderosa) 

Group  IV:  Fiber  stress  6600  pounds  per  square  inch 

Western  firs    (true  firs) 

California  red  fir   (Abies  magnifica) 

Grand  fir  (Abies  grandis) 

Noble  fir  (Abies  nobilis) 

Pacific  silver  fir  (Abies  amabilis) 

White  fir  (  Abies  concolor) 
Lodgepole  pine  (Pinus  contorta) 
Northern  pines 

Jack  pine  (Pinus  banksiana) 

Red  (Norway)  pine  (Pinus  resinosa) 

Group  V:  Fiber  stress  7400  pounds  per  square  inch 

Douglas  fir — all  types  (Pseudotsuga  taxijolia) 
Western  hemlock  (Tsuga  heterophylla) 
Southern  pines 

Longleaf  pine  (Pinus  palustris) 

Shortleaf  pine  (Pinus  echinata) 

Loblolly  pine  (Pinus  taeda) 

Slash  pine  (Pinus  caribaea) 

Pond  pine  (Pinus  rigida  serotina) 

Group  VI :  Fiber  stress  8400  pounds  per  square  inch 
Western  larch  (western  tamarack)   (Larix  occidentalis) 


2.2  Prohibited  Defects. 

Cross-breaks  (cracks) 

Bird  holes 

Plugged  holes,  except  increment  borer  holes 

Hollow  butts  or  tops,  except  as  permitted  under 
"Hollow  Pith  Centers"  and  "Defective  Butts" 

Marine  borer  damage 

Splits  or  through-checks  in  the  top 

Decay,  except  as  permitted  under  "Firm  Red 
Heart,"  "Dead  Knots,"  and  "Defective  Butts" 

Nails,  spikes,  and  other  metal  not  specifically  au- 
thorized by  the  purchaser 

2.3  Permitted  Defects 

2.3.1  Sap  Stain.  Sap  stain  that  is  not  accom- 
panied by  softening  or  other  disintegration  (de- 
cay) of  the  wood  is  permitted. 

2.3.2  Firm  Red  Heart.  Firm  red  heart  not 
accompanied  by  softening  or  other  disintegration 
(decay)  of  the  wood  is  permitted. 

2.3.3  Spiral  Grain.  Spiral  gtain  (twist  grain) 
is  permitted  as  follows: 

Maximum  Twist 
Length  of  Pole  of  Grain  Permitted 

30  feet  and  shorter  1  complete  twist  in  any  10  feel 
35  feet  to  45  feet, 

inclusive  1  complete  twist  in  any  16  feet 

50  feet  and  longer  1  complete  twist  in  any  20  feet 
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2.3.4  Hollow  Pith  Centers.  Hollow  pith  cen- 
ters in  the  tops  or  butts  and  in  knots  are  permitted 
in  poles  that  are  to  be  given  full-length  treatment. 

2.4  Limited  Defects 

2.4.1  Checks  and  Splits  in  Butts.  Through- 
checks  or  splits  in  the  butt  surface  are  permitted, 
provided  that  their  height  from  the  butt  along  the 
side  surface  does  not  exceed  2  feet. 

2.4.2  Shakes.  Shakes  in  the  butt  surface  ex- 
tending through  an  arc  of  not  more  than  90  degrees 
are  permitted.  Shakes  extending  through  an  arc 
of  more  than  90  degrees  are  permitted  when  they 
are  inside  of  a  circle  the  center  of  which  corre- 
sponds to  the  center  of  the  butt  surface  and  the 
diameter  of  which  is  not  greater  than  one-half  the 
average  butt  diameter. 

Shakes  in  the  top  surface  are  permitted  in 
poles  that  are  to  be  given  full-length  treatment  pro- 
vided that  the  width  of  the  shake  does  not  exceed 
Vie  incn  and  provided  that  the  diameter  of  the 
shake  is  not  greater  than  one-half  the  diameter  of 
the  top  of  the  pole. 

2.4.3  Insect  Damage.  Insect  damage  consist- 
ing of  holes  Vi6  mcn  or  less  >n  diameter,  or  surface 
scoring  or  channeling  are  permitted.  All  other 
forms  of  insect  damage  are  prohibited,  except  that 
associated  with  hollow  heart  in  cedar  poles. 

2.4.4  Knots.  The  diameter  of  any  single  knot 
or  the  sum  of  the  diameters  of  all  knots  in  any  1- 
foot  section  shall  not  exceed  the  limits  set  up  in  the 
following  table.  Knots  V£  inch  or  less  in  diameter 
shall  be  ignored  in  applying  the  limitations  for  the 
sum  of  diameters. 

Limitations  of  Knot  Size 

Maximum  Sizes  Permitted 


Length 

of 

Pole 

Diameter 

of  Any 

Single  Knot 

Sum  of 

Diameters  of 

All  Knots  in 

Any  One-Foot 

Section 

(Feet) 

45  and  shorter 
50  and  longer 


(Inches) 


Clas 


lto3       4  to  10 


(Inches) 


8 
10 


2.4.4.1    Dead  Knots.  Decay  is  permitted  in 
knots  provided  it  is  not  associated  with  heart  rot. 

2.4.5   Scars.  No  pole  shall  have  a  scar  or  tur- 
pentine face  (southern  pine  I   located  within  2  feet 


of  the  ground  line.  Turpentine  scars  need  be 
trimmed  only  to  the  extent  necessary  to  examine  for 
evidence  of  fungus  infection  and  insect  damage. 
Other  sound  scars  are  permitted  elsewhere  on  the 
pole  surface,  provided  they  are  smoothly  trimmed 
and  do  not  interfere  with  the  cutting  of  any  gain, 
and  provided: 

(o)  That  the  circumference  at  any  point  on 
trimmed  surfaces  located  between  the  butt  and  2  feet 
below  the  ground  line  is  not  less  than  the  minimum 
circumference  specified  at  6  feet  from  the  butt  for 
the  class  and  length  of  the  pole;  and 

(6)  That  the  depth  of  the  trimmed  scar  is  not 
more  than  2  inches,  if  the  diameter  is  10  inches  or 
less,  or  one-fifth  of  the  pole  diameter  at  the  location 
of  the  scar  if  such  diameter  is  more  than  10  inches. 

2.4.6  Dead  Streaks.  Sound  dead  streaks,  not 
wider  than  one-fourth  of  the  circumference  of  the 
pole  at  the  point  of  measurement,  are  permitted. 

2.4.7  Compression  Wood.  The  outer  1  inch 
of  all  poles  shall  be  free  from  compression  wood. 

2.4.8  Defective  Butts.  Hollowing  in  the  butt 
caused  by  "splinter  pulling'"  in  felling  the  tree  is 
permitted,  provided  that  the  area  of  such  a  hollow 
is  less  than  10  percent  of  the  butt  area.  Hollow 
heart  is  permitted  in  cedar  poles  only,  provided 
that  the  area  of  the  hollow  does  not  exceed  10  per- 
cent of  the  butt  area,  and  that  the  depth  of  the  hol- 
low does  not  exceed  2  feet  measured  from  the  butt 
surface. 

Decay  is  permitted  in  the  butt  of  cedar  poles 
only,  provided  that  the  aggregate  area  of  decay  and 
hollow  heart  does  not  exceed  10  percent  of  the 
entire  butt  surface. 

2.4.9  Shape.  Poles  shall  be  free  from  short 
crooks. 

A  pole  may  have  sweep  subject  to  the  following 
limitations: 

(a)  Where  sweep  is  in  one  plane  and  one  direc- 
tion only,  a  straight  line  joining  the  surface  of  the 
pole  at  the  ground  line  and  the  edge  of  the  pole  at 
the  top  shall  not  be  distant  from  the  surface  of  the 
pole  at  any  point  by  more  than  1  inch  for  each  6 
feet  of  length  between  these  points,  except  in  north- 
ern  white  cedar  poles.*    (See   Diagram   1   of  sub- 


*  For  northern  white  cedar  poles  the  straight  line  be- 
tween the  edge  of  the  top  and  the  ground  line  shall  not  be 
distant  from  the  surface  of  the  pole  at  any  point  by  more 
than  1  inch  for  each  4  feet  of  length  between  those  point;-. 
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sidiary  drawing  entitled  "Measurement  of  Sweep 
and  Short  Crook  in  Poles.") 

(6)  Where  sweep  is  in  two  planes  (double 
sweep),  except  in  northern  white  cedar  poles,*  or 
in  two  directions  in  one  plane  (reverse  sweep),  a 
straight  line  connecting  the  mid-point  at  the  ground 
line  with  the  mid-point  at  the  top  shall  not  at  any 
intermediate  point  pass  through  the  surface  of  the 
pole.  (See  Diagram  2  of  subsidiary  drawing  en- 
titled "Measurement  of  Sweep  and  Short  Crook 
in  Poles.") 

3.   Dimensions 

3.1  Length.  Poles  less  than  50  feet  in  length  shall 
be  not  more  than  3  inches  shorter  or  6  inches 
longer  than  nominal  length.  Poles  50  feet  or  more 
in  length  shall  be  not  more  than  6  inches  shorter  or 
12  inches  longer  than  nominal  length. 

Length  shall  be  measured  between  the  extreme 
ends  of  the  pole. 

3.2  Circumference.  The  minimum  circumfer- 
ences at  6  feet  from  the  butt  (except  for  Classes  8, 
9,  and  10)  and  at  the  top,  for  each  length  and  class 
of  pole,  are  listed  in  the  tables  of  dimensions.  The 
circumference  at  6  feet  from  the  butt  of  poles  in 
Classes  1  to  7,  inclusive,  shall  be  not  more  than  7 
inches  larger  than  the  specified  minimum. 

The  top  dimensional  requirement  shall  apply  at 
a  point  corresponding  to  the  minimum  length  per- 
mitted for  the  pole. 

3.3  Classification.  The  true  circumference  class 
shall  be  determined  as  follows: 

Measure  the  circumference  at  6  feet  from  the 
butt.  This  dimension  will  determine  the  true  class 
of  the  pole,  provided  that  its  top  (measured  at  the 
minimum  length  point)  is  large  enough.  Otherwise 
the  circumference  at  the  top  will  determine  the  true 
class,  provided  that  the  circumference  at  6  feet 
from  the  butt  does  not  exceed  the  specified  mini- 
mum by  more  than  7  inches. 

4.   Manufacturing  Requirements 

4.1  Bark  Removal.  Outer  bark  shall  be  com- 
pletely removed  from  all  poles. 


*  The  double  sweep  limitation  for  northern  white  cedar 
poles  shall  be  as  follows: 

"Where  sweep  is  in  two  planes  (double  sweep),  the  sum 
of  the  sweeps  in  the  two  planes  (each  sweep  being  meas- 
ured as  shown  on  Diagram  1  of  the  subsidiary  drawing) 
shall  be  not  greater  than  the  allowance  for  sweep  in  one 
plane  and  one  direction  for  a  pole  of  the  same  length." 


On  all  poles  no  patch  of  inner  bark  more  than  1 
inch  wide  shall  be  left  on  the  pole  surface  between 
the  butt  and  2  feet  below  the  ground  line. 

On  poles  that  are  to  be  full-length  treated,  no 
patch  of  inner  bark  larger  than  1  inch  wide  and 
6  inches  long  shall  be  left  on  the  pole  surface  be- 
tween the  top  and  2  feet  below  the  ground  line. 

On  poles  that  are  to  be  butt  treated,  no  patch 
of  inner  bark  larger  than  1  inch  wide  and  6  inches 
long  shall  be  left  on  the  pole  surface  between  points 
1  foot  above  and  2  feet  below  the  ground  line. 

4.2  Sawing.  All  poles  shall  be  neatly  sawed  at  the 
top  (unless  otherwise  ordered)  and  at  the  butt 
along  a  plane  which  shall  not  be  out  of  square  with 
the  axis  of  the  pole  by  more  than  2  inches  per  foot 
of  diameter  of  the  sawed  surface.  Beveling  at  the 
edge  of  the  sawed  butt  surface  not  more  than  one- 
twelfth  of  the  butt  diameter  in  width,  or  an  equiva- 
lent area  unsymmetrically  located,  is  permitted. 

4.3  Trimming.  Completely  overgrown  knots  ris- 
ing more  than  1  inch  above  the  pole  surface,  branch 
stubs,  and  partially  overgrown  knots  shall  be 
trimmed  close.  Completely  overgrown  knots  less 
than  1  inch  high  need  not  be  trimmed.  Trimming 
may  be  done  by  shaving  machine  or  by  hand. 

4.4  Framing.  All  poles  that  are  to  be  given  a  full- 
length  preservative  treatment  shall  be  roofed, 
gained,  and  bored  in  accordance  with  the  terms  of 
the  purchase  order  before  treatment. 

All  gains  (mortise  or  slab  type)  shall  be  cut  on 
the  face  of  the  pole;  and  the  gained  surfaces  shall 
be  in  approximately  parallel  planes. 

4.5  Marking.  The  following  marks  shall  be 
stamped  or  branded  legibly  on  the  face  and  the 
butt  of  each  pole  (see  note  below)  : 

(a)  The  supplier's  code  or  trade-mark; 

(b)  The  plant  location  and  the  year  of  treat- 
ment; 

(c)  Code  letters  denoting  the  pole  species  and 
preservative  used; 

(d)  The  true  circumference  class  numeral  and 
numerals  showing  the  length  of  the  pole.  The  letter 
"C"  shall  circumscribe  the  true  class  numeral  on 
the  butt. 

Note:  The  supplier's  code  or  trade-mark,  the  plant 
location  and  year  of  treatment  [(a)  and  (b)  above]  mav 
be  omitted  from  the  butt  by  agreement  of  supplier  and 
purchaser. 

The   code  letters,   not   less  than   %    >ncn   high. 
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designating  the  pole  species  and  preservative  used 
shall  be  as  follows: 


der  of  the  code   letters  and  figures  shall  be  as 
follows: 


Species 


Species  and 

Preservative  (Creosote) 

Code  Letters 


Northern  white  (eastern)  cedar 

ECC 

Western  red  cedar 

WCC 

Western  firs 

WFC 

California  red  fir 

Grand  fir 

Noble  fir 

Pacific  silver  fir 

White  fir 

Douglas  fir 

DFC 

Western  hemlock 

WHC 

Western  larch  (Western  tamarack)  WLC 

Lodgepole  pine 

LPC 

Northern  pines 

NPC 

Jack  pine 

Red  pine 

Southern  pines 

SPC 

Longleaf  pine 

Shortleaf  pine 

Loblolly  pine 

Slash  pine 

Pond  pine 

Western  pine 

WPC 

Ponderosa  pine 

The  appropriate  preservative  code  letter  shall  be 
chosen  from  the  following  list: 

C  —  Creosote 

T  =  Creosote-coal-tar  solutions 
X  =  Creosote-petroleum  solutions 
N  =  Copper  naphthenate  solutions 
P  =  Pentachlorophenol  solutions 
S  —  Salt  solutions  (any  type) 

Code  letters  designating  preservatives  other  than 
those  listed,  or  modifications  of  the  letters  listed 
with  a  view  to  designating  specific  types  rather 
than  broad  classes  of  solutions,  may  be  used  on 
agreement  between  supplier  and  purchaser. 

On  the  face  of  the  pole  the  brand  or  mark  shall 
be  placed  squarely  and  so  located  that  the  bottom 
of  the  brand  or  mark  will  be  at  a  point  designated 
by  the  purchaser. 

If  the  supplier's  name,  plant  location,  and  year 
of  treatment  are  included,  the  arrangement  and  or- 


PCC 
C-48 
SPC 
5-35 


INTERPRETATION 

Supplier's  code  or  trade-mark 
Pole  Creosoting  Company 

Plant  location  and  year  of 

treatment 

City         Year,  as  1948 


Species  and  preservative  code 
Southern  pine,  Creosote 


CU 


Size 
-  35-foot  pole 


On  the  butt  of  the  pole  the  brand  or  mark  may  be 
the  same  as  that  placed  on  the  face  of  the  pole,  in 
which  case  the  class  numeral  need  not  be  circum- 
scribed with  a  C;  or  the  code  letters  for  species  and 
preservative  may  be  stamped  into  the  butt  with  a 
die  or  hammer. 

5.   Storage  and  Handling 

5.1  Storage.  When  it  is  necessary  to  hold  poles 
in  storage,  they  shall  be  stacked  on  treated  skids 
of  such  dimensions  and  so  arranged  as  to  support 
the  poles  without  producing  noticeable  distortion 
of  any  of  them.  The  height  of  the  piles  shall  be  lim- 
ited so  as  to  avoid  damage  to  poles  on  the  bottom 
layers. 

Poles  shall  be  piled  and  supported  in  such  a 
manner  that  all  poles  are  at  least  1  foot  above  the 
general  ground  level  and  any  vegetation  growing 
thereon.  No  decayed  or  decaying  wood  shall  be 
permitted  to  remain  underneath  stored  poles. 

5.2  Handling.  Treated  poles  shall  not  be  dragged 
along  the  ground.  Cant  hooks,  pole  tongs,  or  other 
tools  shall  not  be  applied  to  the  ground  line  sec- 
tion of  any  pole. 

6.   Definition  of  Terms 

The  following  definitions  shall  apply  in  these 
specifications. 

6.1  Cheek.  A  check  is  a  separation  of  the  wood 
along  the  grain,  the  greater  part  of  which  occurs 
across  the  rir.gs  of  annual  growth. 

A  through  check  extends  from  surface  to  surface 
of  the  pole,  usually  through  the  pith  center. 
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6.2  Compression  Wood.  Compression  wood  is 
abnormal  wood  that  often  forms  on  the  lower  side 
of  branches  and  inclined  trunks  of  coniferous  trees. 
Compression  wood  is: 

(a)  Characterized  by  relatively  wide  annual 
rings,  usually  eccentric; 

(b)  Has  a  relatively  high  proportion  of  sum- 
merwood  (frequently  more  than  50  percent  of  the 
width  of  the  annual  rings  in  which  it  occurs )  ; 

(c)  Exhibits  but  little  contrast  in  color  between 
springwood  and  surrunerwood;  and 

(d )  Shrinks  excessively  lengthwise  as  compared 
with  normal  wood. 

6.3  Cross-break  (Crack).  A  cross-break  is  a 
separation  of  the  wood  cells  across  the  grain.  Such 
breaks  may  be  due  to  internal  strains  resulting 
from  unequal  longitudinal  shrinkage  or  to  external 
forces. 

6.4,  Dead  Knot.  A  dead  knot  is  a  knot  left  by  a 
branch  that  dies  before  the  tree  is  cut.  An  encased 
knot  is  a  dead  knot  in  which  the  growth  layers  are 
not  intergrown  with  those  of  the  surrounding  wood. 
Dead  knots  may  contain  soft  fibers  (decay)  that 
usually  do  not  extend  deeper  than  an  inch  or  two 
from  the  pole  surface.  They  are  distinct  from  rotten 
or  decayed  knots  in  which  the  loose  or  soft  fibers 
(decay)  may  extend  the  full  length  of  the  knot  into 
the  pole,  and  which  are  frequently  associated  with 
heart  rot. 

6.5  Dead  Streak.  A  dead  streak  is  any  portion  of 
the  sapwood  in  which  the  life  processes  had  ended 
prior  to  the  cutting  of  the  tree.  A  dead  streak  starts 
from  the  butt  and  differs  from  a  wound,  such  as  a 
cat  face  or  scar,  where  the  growth  of  new  wood 
shows  that  life  processes  are  still  acting  to  repair 
the  injured  part. 

6.6  Decay.  Decay  is  the  disintegration  of  wood 
substance  due  to  the  action  of  wood-destroying 
fungi.  Rot  and  dote  mean  the  same  as  decay. 

6.7  Face  of  Pole.  The  face  of  a  pole  is  the  con- 
cave side,  or  the  side  of  greatest  curvature  in  poles 
having  reverse  or  double  sweep,  between  the 
ground  line  and  top. 

6.8  Ground  Line  Section.  The  ground  line  sec- 
tion is  that  portion  of  a  pole  between  1  foot  above 
and  2  feet  below  the  ground  line  as  defined  in  the 
pole  dimension  tables. 

6.9  Hollow  Heart.  A  hollow  heart  is  a  hollow  in 


the  heartwood  of  a  living  tree  caused  by  insects  or 
fungi. 

6.10  Hollow  Pith  Center.  A  hollow  pith  center 
is  a  small  hole  at  the  pith  center  of  the  trunk  or  of 
a  knot,  caused  by  disintegration  of  the  pith  (small 
soft  core  occurring  in  the  structural  center  of  a  tree 
or  branch) . 

6.11  Insect  Damage.  Insect  damage  is  the  result 
of  boring  in  the  pole  by  insects  or  insect  larvae. 
Scoring  or  channeling  of  the  pole  surface  is  not 
classed  as  insect  damage. 

6.12  Knot  Diameter.  A  knot  diameter  is  the  di- 
ameter of  a  knot  on  the  surface  of  the  pole  meas- 
ured in  a  direction  at  right  angles  to  the  lengthwise 
axis  of  the  pole. 

6.13  Red  Heart.  Red  heart  is  caused  by  a  fungus, 
Forties  pini,  that  occurs  in  the  living  tree.  It  is 
characterized  in  the  early  stages  of  infection  by  a 
reddish  or  brownish  color  in  the  heartwood.  This 
is  known  as  "firm  red  heart."  Later  the  wood  in  the 
case  of  the  living  tree,  disintegrates  (decays)  in 
small,  usually  distinct,  areas  that  develop  into 
white-line  pockets. 

6.14  Sap  Stain.  Sap  stain  is  a  discoloration  of 
the  sapwood  caused  by  the  action  of  certain  molds 
and  fungi  that  is  not  accompanied  by  softening  or 
other  disintegration  of  the  wood. 

6.15  Scar  (Cat  Face).  A  scar  is  a  depression  in 
the  surface  of  the  pole  resulting  from  a  wound 
where  healing  has  not  re-established  the  normal 
cross  section  of  the  pole. 

6.16  Shake.  A  shake  is  a  separation  along  the 
grain,  the  greater  part  of  which  occurs  between 
the  rings  of  annual  growth. 

6.17  Short  Crook.  A  short  crook  is  a  localized 
deviation  from  straightness  which,  within  any  sec- 
tion 5  feet  or  less  in  length,  is  more  than  one-half 
the  mean  diameter  of  the  crooked  section.  (See 
Diagram  3  of  the  subsidiary  drawing  entitled 
"Measurement  of  Sweep  and  Short  Crook  in 
Poles.") 

6.18  Spiral  Grain  (Twist  Grain).  Spiral  grain 
is  a  type  of  growth  in  which  the  fibers  take  a  spiral 
course  about  the  bole  of  a  tree  instead  of  the  nor- 
mal vertical  course.  The  spiral  may  extend  right- 
handed  or  left-handed  around  the  tree  trunk.  The 
amount  of  spiral  grain  in  a  pole  is  measured  as  the 
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distance  in  feet,  along  the  axis  of  the  pole,  in  which 
one  complete  twist  of  the  spiral  occurs,  and  is 
expressed  as,  for  example,  1  in  10. 

6.19  Split.  A  split  is  a  lengthwise  separation  of 
the  wood  due  to  the  tearing  apart  of  the  wood  cells, 


extending  from  surface  to  surface  of  the  pole. 

6.20  Sweep.  Sweep  is  the  deviation  of  a  pole 
from  straightness.  (See  Diagrams  1  and  2  of  the 
subsidiary  drawing  entitled  "Measurement  of 
Sweep  and  Short  Crook  in  Poles.") 


Dimensions 

Table  5.     Dimensions  of  Douglas  Fir  (All  Types),  Western  Hemlock,  and  Southern  Pine  Poles 

( Fiber  Stress  7400  pounds  per  square  inch ) 


Class 

1 

2 

3 

4 
21 

5 

6 

7 

8 

9 

10 

Minimum  Circumfer- 
ence  at  Top  ( Inches) 

27 

25 

23 

19 

17         15 

18 

15 

12 

Length 

*  Ground 

of 

Line  Dist 

Minimum  C 

ircumfcrence  al  6  Feet  from  Bull 

Pole 

from  Butt 

(Inches) 

(Feet) 

(Feet) 

16 

3^ 

21.5 

19.5 

18.0 

18 

3M> 

26.5 

24.5 

22.5 

21.0 

19.0 

20 

4 

31.5 

29.5 

27.5 

25.5 

23.5 

22.0 

20.0 

22 

4 

33.0 

31.0 

29.0 

26.5 

24.5 

23.0 

21.0 

No  Butt 

25 

5 

34.5 

32.5 

30.0 

28.0 

26.0 

24.0 

22.0 

No  Butt 

Requirements! 

30 
35 
40 

5Mi 

6 

6 

37.5 
40.0 
42.0 

35.0 
37.5 
39.5 

32.5 
35.0 
37.0 

30.0 
32.0 
34.0 

28.0 
30.0 
31.5 

26.0 
27.5 
29.0 

24.0 
25.5 
27.0 

No  Butt 
Requiremeotif 

Requiremeout 

45 

6% 

44.0 

41.5 

38.5 

36.0 

33.0 

30.5 

28.5 

50 

7 

46.0 

43.0 

40.0 

37.5 

34.5 

32.0 

29.5 

55 

7% 

47.5 

44.5 

41.5 

39.0 

36.0 

33.5 

60 

8 

49.5 

46.0 

43.0 

40.0 

37.0 

34.5 

65 

8Vt 

51.0 

47.5 

44.5 

41.5 

38.5 

70 

9 

52.5 

49.0 

46.0 

42.5 

39.5 

75 

9lA 

54.0 

50.5 

47.0 

44.0 

80 

10 

55.0 

51.5 

48.5 

45.0 

85 

lO'/j 

56.5 

53.0 

49.5 

90 

11 

57.5 

54.0 

50.5 

95 

11 

58.5 

55.0 

51.5 

100 

11 

60.0 

56.0 

52.5 

•The  figures  in  this  column  are  intended  solely  for  use  whenever  a  definiiion  of  ground  line  is  necessary  in  order  to 
apply  specification  requirements  relating  to  scars,  straightness,  etc. 
tLines  indicate  length  limits. 
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MEASUREMENT  OF  SWEEP  AND  SHORT  CROOK  IN  POLES 
DIAGRAM  1 — Measurement  of  Sweep  in  One  Plane  and  One  Direction 

\ 


'  fcyrfac*   at 

ground  Un* 


6>w«tp  or  curvatur* 


Ed3«  at  top' 


DIAGRAM  2 — Measurement  of  Sweep  in  Two  Plane?  (Double  Sweep)  or  in  Two 
Directions  in  One  Plane  (Reverse  Sweep) 


Midpoint  at 
•round  Una. 


Midpoint   at  top 


DIAGRAM  3 — Measurement  of  Short  Crook   (Three  Cases  Shown) 


AxU  of  *tttion 
Mlow  th»  trooK 


A    ' 

H J  ft. or  l»oo    — | 


a*.l»  of  etct'tcn 


Otviatior,'  6.V.OV*  th>  WOO*. 

Case  1 :  where  the  reference  axes  are  approximately  parallel. 


~T 


6  ft.  or  ite»      v~*  OtvlatLon 

'  Midpoint  of  crooK. 


Axis  of  pola'  I 

Case  2:  where  axes  of  sections  above  and  below  the  crook  coincide  or  are  practically  coincident. 


2" 


k»i*  of  e*ttton ' 
fetlow  0)t  CrOOK 


l    i     ^pev^ouon 


i^ 


ft 


, 5ft  OHt*»  H        Midpocrft  L«cro»e  cectlan  at 

upptr  boundary  of  t>hort  crooK. 


Case  3:  where  axis  of  section  above  short  crook  is  not  parallel  or  coincident  with  axis  below  the  crook. 

Note:  The  three  cases  shown  under  Diagram  3  are  typical  and  are  intended  to  establish  the  principle  of  measuring 
short  crooks.  There  may  be  other  cases  not  exactly  like  those  illustrated. 
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APPENDIX  B.     STANDARD  SPECIFICATIONS 
FOR  ROUND  TIMBER  PILES 

The  following  specifications  are  reproduced  by  permission 
of   the    American  Society  for  Testing  Materials.     Separate 
copies  are  available  from  the  headquarters  of   the   Amer- 
ican Society  for  Testing  Materials,    1916  Race  St.  ,    Phila- 
delphia 3,    Pa. 


ASTM  Designation :  D  25  -  55 

Adopted, 1955  * 

This  Standard  of  the  American  Society  for  Testing  Materials  is  issued  under 
the  fixed  designation  D  25;  the  final  number  indicates  the  year  of  original 
adoption  as  standard  or,  in  the  case  of  revision,  the  year  of  last  revision. 


Scope 

1.  These  specifications  cover  round 
timber  piles  to  be  used  untreated  or 
treated  with  standard  preservatives. 
Contracts  which  do  not  specify  if  piles 
are  to  be  treated  or  untreated,  shall  be 
construed  as  requiring  piles  for  treatment 
(Note  1). 

Note  1. — The  purpose  of  these  specifications 
is  to  provide  satisfactory  piles  for  driving  to 
bearing  values  that  are  related  to  the  supporting 
power  of  the  soil,  rather  than  to  the  ultimate 
strength  of  the  pile.  Where  round  timber  piles 
are  used  in  structural  design  to  sustain  loads 
or  forces  approaching  the  maximum  safe  work- 
ing strength  of  structural  lumber,  they  should 
be  designed  in  accordance  with  the  principles 
of  the  Tentative  Methods  for  Establishing 
Structural  Grades  of  Lumber  (ASTM  Designa- 
tion: D  245).'  Sawed  lumber  used  as  piles  may 
be  selected  in  accordance  with  the  same  prin- 
ciples where  the  use  requires  a  specific  strength 
value. 


1  Under  the  standardization  procedure  of  the  Society, 
these  specifications  are  under  the  jurisdiction  of  the 
ASTM  Committee  D-7  on  Wood. 

2  Prior  to  their  present  adoption  as  standard,  these 
specifications  were  published  as  tentative  from  1915  to 
1920.  They  were  adopted  in  1920,  published  as  standard 
from  1920  to  1930,  but  withdrawn  and  republished  as  ten- 
tative from  1930  to  1937  being  revised  in  1934  and  1935. 
They  were  again  adopted  in  1937,  and  published  as  stand- 
ard from  1937  to  1952.  They  were  revised  and  reverted  to 
tentative  in  1952  and  were  published  as  tentative  from 
1052  to  1955,  being  revised  in  1953  and  1954. 

»  See  p.  997. 


Species  of  Wood 

2.  Piles  may  be  of  any  species  of  wood 
which  will  withstand  driving  and  will 
support  the  loads  imposed.  The  purchaser 
shall  specify  the  species  of  wood  desired 
(Note  2). 

Note  2. — Commonly  used  species  include 
cedars,  cypress,  Douglas-fir,  elm,  hemlock,  western 
larch,  maple,  oaks,  pines,  spruces,  and  tamarack. 

Use  Classification 

3.  Timber  piles  are  classified  in  these 
specifications  under  three  general  di- 
visions according  to  the  use  intended,  as 
follows: 

(a)  Class  A. — Piles  suitable  for  use  in 
heavy  railway  bridges  or  other  heavy 
framed  construction.  The  minimum  di- 
ameter of  butt  permits  the  use  of  load- 
bearing  timber  caps  14  in.  in  width. 

(b)  Class  B. — Piles  suitable  for  use  in 
docks,  wharves,  bridges,  building  or 
other  foundations,  and  general  con- 
struction. The  minimum  diameter  of 
butt  permits  the  use  of  load-bearing 
timber  caps  12  in.  in  width  (Note  3). 

Note  3. — Smaller  sizes  than  those  stipulated 
for  Class  B  piles  in  Section  6  and  Table  I  may 
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be  specified  by  the  purchaser,  where  piles  of 
Class  B  quality  are  desired  for  use  with  light 
bearing  values  or  in  special  cases,  as  with  con- 
crete caps. 

(c)  Class  C. — Piles  suitable  for  use  in 
foundations  which  will  always  be  com- 
pletely submerged,  for  cofferdams,  false- 
work, or  light  construction. 


knot,  provided  that  the  unsoundness  ex- 
tends to  not  more  than  a  l§-in.  depth, 
and  that  the  adjacent  areas  of  the  trunk 
are  not  affected.  Piles  having  sound  tur- 
pentine scars  undamaged  by  insects  may 
be  accepted. 

(b)  Piles    shall    be    cut    above    the 
ground  swell,  and  shall  have  a  continuous 


TABLE  I.-CIRCUMFERENCES  AND  DIAMETERS  OF  TIMBER  PILES. 


Length,  ft 


Class  A 


3  Ft  from  Butt 


Min 


Max 


At  Tip,  min 


U 


Class  B 


3  Ft  from  Butt 


Min 


j   6, 


u"~  q 


Mai 


u 


.2  a. 

Q 


At  Tip,  min 


Class  C 


3  Ft  from  Butt 


Min 


.2  O. 

Q 


Max 


At  Tip,  min 


Douglas-fir,  Hemlock,  Larch,  Pine,  Spruce,  or  Tamarack 


Under  40 

40  to  50  incl. 
51  to  70  incl. 
71  to  90  incl. 
Over  90 


44 

14 

57 

18 

28 

9 

38 

12 

63 

20 

25 

8 

38° 

12° 

63 

20 

25 

44 

14 

57 

18 

28 

9 

38 

12 

63 

20 

22 

7 

38 

12 

63 

20 

19 

44 

14 

57 

18 

25 

8 

41 

13 

63 

20 

22 

7 

38 

12 

63 

20 

19 

44 

14 

63 

20 

22 

7 

41 

13 

63 

20 

19 

6 

38 

12 

63 

20 

19 

44 

14 

63 

20 

19 

6 

41 

13 

63 

20 

16 

5 

38 

12 

63 

20 

16 

Oak  and  Other  Hardwoods,  Cypress 


Under  30 

44 

14 

57 

18 

28 

9 

38 

12 

57 

18 

25 

8 

38° 

12" 

63 

20 

25 

8 

30  to  40  incl 

44 

14 

57 

18 

28 

9 

41 

13 

63 

20 

22 

7 

38 

12 

63 

20 

22 

7 

Over  40 

44 

14 

57 

18 

25 

8 

41 

13 

63 

20 

19 

6 

38 

12 

63 

20 

19 

6 

Cedar 


Under  30 

30  to  40  incl. 
Over  40 


44 

14 

69 

22 

28 

9 

38 

12 

69 

22 

25 

8 

38° 

12" 

69 

22 

25 

44 

14 

69 

22 

28 

9 

41 

13 

69 

22 

25 

8 

38 

12 

69 

22 

25 

44 

14 

69 

22 

25 

8 

41 

13 

69 

22 

22 

7 

38 

12 

69 

22 

22 

"  In  Class  C  piles,  a  minimum  circumference  of  31  in.  or  diameter  of  10  in.  at  cut-off  may  be  speciBed  for  lengths   of 
20  ft  and  under. 


Requirements  for  All 
Classes  of  Piles 

General  Quality 

4.  (a)  Piles  shall  be  of  sound  wood, 
free  from  decay,  red  heart,  or  insect 
attack,  except  as  herein  provided.  The 
butt  end  of  cedar  and  cypress  piles  may 
have  a  pipe  or  stump  rot  hole  not  more 
than  1|  in.  in  diameter.  Cypress  piles 
may  have  peck  aggregating  not  more 
than  the  hole  limitation.  Southern  pine 
piles  may  have  unsound  knots  not  ex- 
ceeding half  the  permitted  size  of  a  sound 


taper  from  the  point  of  butt  measure- 
ment to  the  tip. 

(c)  Sizes  of  knots  shall  be  as  specified 
in  Section  13  or  18.  Knot  clusters  are 
prohibited  (Note  4). 

Note  4. — A  knot  cluster  is  two  or  more 
knots  grouped  together,  the  fibers  of  the  wood 
being  deflected  around  the  entire  unit.  A  group 
of  single  knots,  with  fibers  deflected  around 
each  knot  separately,  is  not  a  cluster,  even 
though  the  knots  may  be  in  close  proximity. 

Lengths 

5.  All  piles  shall  be  furnished  cut  to 
any  of  the  following  lengths  as  specified: 
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16  to  40  ft  in  multiples  of  2  ft;  over  40  ft, 
in  multiples  of  5  ft.  Individual  piles  may 
vary  from  the  length  specified  as  much 
as  ±1  ft  in  piles  shorter  than  40  ft,  and 
±2  ft  in  piles  40  ft  or  longer.  The  average 
length  of  all  piles  of  a  specified  length  in 
each  shipment  shall  be  not  less  than  the 
length  specified. 

Circumferences  and  Diameters 

6.  (a)  The  circumferences  of  piles  meas- 
ured under  the  bark  shall  have  minimum 
and  maximum  values  as  given  in  Table  I, 
except  that  not  more  than  10  per  cent  of 
the  piles  in  any  shipment  may  have 
circumferences  2  in.  less  than  the  tabu- 
lated minimum  values. 

(b)  The  ratio  of  the  maximum  to  the 
minimum  diameter  at  the  butt  of  any 
pile  shall  not  exceed  1.2. 

Heartwood 

7.  If  high  heartwood  content  is  re- 
quired in  untreated  piles,  it  shall  be 
specified,  and  the  diameter  of  the  heart- 
wood  shall  be  not  less  than  eight  tenths 
of  the  diameter  of  the  pile  at  the  butt. 

Sapwood 

8.  Wood  piles  for  preservative  treat- 
ment shall  have  not  less  than  1  in.  of 
sapwood  at  the  butt  end. 

Cutting  and  Trimming 

9.  (a)  Butts  and  tips  of  piles  shall  be 
sawed  square  with  the  axis  of  the  pile. 

(b)  All  knots  and  limbs  shall  be 
trimmed  or  smoothly  cut  flush  with  the 
surface  of  the  pile,  except  that  knots  may 
be  hand-trimmed  flush  with  the  surface 
of  the  swell  surrounding  the  knot. 

Peeling 

10.  (a)  Piles  are  classified  according  to 
the  extent  of  bark  removal  as  clean- 
peeled,  rough-peeled,  or  unpeeled. 

(b)  Clean-peeled  piles  require  the  re- 
moval of  all  outer  bark.  In  addition,  at 


least  80  per  cent  of  the  inner  bark,  well 
distributed  over  the  surface  of  the  pile, 
shall  be  removed.  For  proper  preservative 
treatment,  no  strips  of  inner  bark  wider 
than  §  in.  shall  remain. 

(c)  Rough-peeled  piles  require  the 
complete  removal  of  all  outer  bark. 

(d)  Unpeeled  piles  require  no  bark 
removal. 

Requirements  for  Class  A  or  B  Piles 

Straightness 

11.  (a)  A  straight  line  from  the  center 
of  the  butt  to  the  center  of  the  tip  of 
Class  A  or  B  piles  shall  lie  entirely  within 
the  body  of  the  pile  (Note  5). 

Note  5. — Long  piles  for  driving  to  lighter 
bearing  values  may  be  bought  under  a  more 
liberal  alternative  specification  as  follows:  "A 
straight  line  from  the  center  of  the  butt  to  the 
center  of  the  tip  may  lie  partly  outside  the  body 
of  the  pile,  but  the  maximum  distance  between 
the  line  and  the  pile  shall  not  exceed  one-half 
per  cent  of  the  length  of  the  pile  or  3  in.,  which- 
ever is  smaller." 

(b)  Class  A  or  B  piles  shall  be  free 
from  short  crooks  in  which  the  deviation 
from  straightness  in  any  5  ft  of  length 
anywhere  exceeds  2\  in.  (Fig.  1).  Short 
crooks  shall  also  comply  with  the  re- 
quirements for  sweep  in  Paragraph  (a). 

Twist  of  Grain 

12.  Twist  of  spiral  grain  in  any  20  ft 
of  length  shall  not  exceed  one  half  of  the 
circumference  at  the  midpoint  of  length 
measured. 

Knots 

13.  Sound  knots  in  Class  A  or  B  piles 
50  ft  or  less  in  length,  and  in  three- 
quarters  of  the  length  from  the  butt  of 
Class  A  or  B  piles  longer  than  50  ft, 
shall  be  no  larger  than  4  in.  or  one-third 
of  the  diameter  of  the  pile  at  the  point 
where  they  occur,  whichever  is  the  smal- 
ler. Sound  knots  in  the  remaining  one- 
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quarter  of  the  length  of  piles  longer  than 
50  ft  shall  be  no  larger  than  5  in.  or 
one-half  of  the  diameter  of  the  pile  at 
the  point  where  they  occur,  whichever  is 
the  smaller.  The  size  of  a  knot  shall  be 
its  diameter  measured  at  right  angles  to 
the  length  of  the  pile.  Unsound  knots 
shall  not  be  permitted,  except  as  specified 
under   Section   4(a).    Cluster  knots  are 


Splits  and  Shakes 

15.  (a)  Splits  in  Class  A  or  B  piles 
shall  be  not  longer  than  the  butt  di- 
ameter. 

(b)  The  length  of  any  shake  or  com- 
bination of  shakes  in  the  outer  half  of 
the  radius  of  the  butt  of  the  pile,  when 
measured  along  the  curve  of  the  annual 


Axis  of  Section 
Below  the  Crook 


Deviation 


Axis  of  Section 
Above  the  Crook 


Cose  I -Where   the   Reference  Axes   are   Approximately   Parallel 


7 

Axis  of  Pole 


Deviotion 


■  Midpoint  of  Crook 


Case  2 -Where   Axes    of    Sections    Above  and   Below    the    Crook 
Coincide    or   are    Practically    Coincident 


•  5  ft  or  less- 


Axis  of  Section 
Below  the  Crook 


Deviation 


-C=ir 


^Midpoint  in  Cross-Section  at 
Upper  Boundary  of  Short  Crook 


Cose  3-Where    Axis   of    Section   Above   Short    Crook 
is   not    Porollel   or    Coincident    with    Axis   Below    the    Crook 

The  three  cases  shown  are  typical,  and  are  intended  to  establish  the  principle  of  measuring  short  crooks.  There  may 
be  other  cases  not  exactly  like  those  illustrated 

Fig.  1. — Measurement  of  Short  Crook. 


prohibited  (Note  4).  The  sum  of  sizes  of 
all  knots  in  any  foot  of  length  of  the 
pile  shall  not  exceed  twice  the  size  of  the 
largest  permitted  single  knot. 


Holes 


14.  Holes  less  than  \  in.  in  average 
diameter  shall  be  permitted  in  Class  A  or 
B  piles,  provided  the  sum  of  the  average 
diameters  of  all  holes  in  any  square  foot 
of  pile  surface  does  not  exceed  \\  in. 


ring,  shall  not  exceed  one  third  of  the 
circumference  of  the  butt  of  the  pile. 

Requirements  for  Class  C  Piles 

Straightness 

16.  (a)  A  straight  line  from  the  center 
of  the  butt  to  the  center  of  the  tip  of 
Class  C  piles  may  lie  partly  outside  the 
body  of  the  pile,  but  the  maximum  dis- 
tance between  the  line  and  the  pile  shall 
not  exceed  §  per  cent  of  the  length  of  the 
pile,  or  3  in.,  whichever  is  the  smaller. 
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(b)  Class  C  piles  shall  be  free  from 
short  crooks  in  which  the  deviation  from 
straightness  in  any  5  ft  of  length  any- 
where exceeds  2\  in.  (Fig.  1).  Short 
crooks  shall  also  comply  with  the  require- 
ments for  sweep  in  Paragraph  (a). 

Twist  of  Grain 

17.  Twist  of  spiral  grain  in  any  20  ft  of 
length  shall  not  exceed  the  circumference 
at  the  midpoint  of  length  measured. 

Knots 

18.  Sound  knots  in  Class  C  piles  shall 
be  no  larger  than  5  in.,  or  one  half  the 
diameter  of  the  pile  at  the  point  where 
they  occur,  whichever  is  the  smaller.  The 
size  of  a  knot  shall  be  its  diameter  meas- 
ured at  right  angles  to  the  length  of  the 
pile.  Unsound  knots  shall  not  be  per- 
mitted, except  as  specified  under  Section 
4(a).  Cluster  knots  are  prohibited  (Note 


4).  The  sum  of  sizes  of  all  knots  in  any 
foot  of  length  of  the  pile  shall  not  exceed 
twice  the  size  of  the  largest  permitted 
single  knot. 

Holes 

19.  Holes  less  than  §  in.  in  average 
diameter  shall  be  permitted  in  Class  C 
piles,  provided  the  sum  of  the  average 
diameters  of  all  holes  in  any  square  foot 
of  pile  surface  does  not  exceed  3  in. 

Splits  and  Shakes 

20.  (a)  Splits  in  Class  C  piles  shall  be 
not  longer  than  one  and  one  half  times 
the  butt  diameter. 

(b)  The  length  of  any  shake  or  com- 
bination of  shakes  in  the  outer  half  of  the 
radius  of  the  butt  of  the  pile,  when  meas- 
ured along  the  curve  of  the  annual  ring, 
shall  not  exceed  one  half  of  the  circum- 
ference of  the  butt  of  the  pile. 


-    26  - 


APPENDIX  C. 
FEDERAL  SPECIFICATIONS  FOR  WOODEN  PILES 

These  specifications  were  issued  onFebruary  13,  1957,  as  item  MM-P-  37  la 
(superseding  MM-P-371,  March  31,  1947).  Separate  copies  are  available 
at  10  cents  apiece  from  the  General  Services  Administration  R-3,  7th  and 
G  Streets,  SW,  Washington,  D.  C.  For  bidding  purposes  copies  are 
available  free,    as  noted  in  the  second  column  of  the  specifications,    below. 

This  specification  was  approved  by  the  Commissioner,  Federal  Supply  Serv- 
ice,  General  Services  Administration,   for   the   use   of   all   Federal   agencies. 


1.  SCOPE  AND  CLASSIFICATION 

1.1  Scope. — This  specification  covers  round 
timber  piles  to  be  used  untreated  or  treated 
with  standard  preservatives. 

1.2  Classification. 

1.2.1  Types. — Wood  piles  shall  be  of  the 
following  types,  as  specified. 

Type  I. — Untreated 

Type  II.— Treated 

1.2.2  Classes. — Wood  piles  shall  be  of  the 
following  classes,  as  specified. 

Class  A. — Heavy  construction 

Class  B. — General  construction 

Class  C. — Light  construction. 

2.  APPLICABLE  SPECIFICATIONS, 
STANDARDS,  AND  OTHER  PUBLICA- 
TIONS 

2.1  Specifications  and  standards. — The  fol- 
lowing specifications  and  standards,  of  the 
issues  in  effect  on  date  of  invitation  for  bids, 
form  a  part  of  this  specification: 

Federal  Specifications: 

TT-W-571— Wood  Preservative,  Recom- 
mended Treating  Practice. 


(Activities  outside  the  Federal  Government  may 
obtain  copies  of  Federal  Specifications  and  Stand- 
ards as  outlined  under  General  Information  in  the 
Index  of  Federal  Specifications  and  Standards  and 
at  the  prices  indicated  in  the  Index.  The  Index,  which 
includes  cumulative  monthly  supplements  as  issued, 
is  for  sale  on  a  subscription  basis  by  the  Superin- 
tendent of  Documents,  U.  S.  Government  Printing 
Office,  Washington  25,  D.  C. 

(Single  copies  of  this  specification  and  other  prod- 
uct specifications  required  by  activities  outside  the 
Federal  Government  for  bidding  purposes  are  avail- 
able without  charge  at  the  General  Services  Ad- 
ministration Regional  Offices  in  Boston,  New  York, 
Atlanta,  Chicago,  Kansas  City,  Mo.,  Dallas,  Denver, 
San  Francisco,  Los  Angeles,  Seattle,  and  Washing- 
ton, D.  C. 

(Federal  Government  activities  may  obtain  copies 
of  Federal  Specifications  and  Standards  and  the 
Index  of  Federal  Specifications  and  Standards  from 
established  distribution  points  in  their  agencies.) 

Military  Standards: 

MIL-STD-129  —  Marking  for  Shipment 
and  Storage. 

(Copies  of  Military  Specifications  and  Standards 
required  by  the  contractor  in  connection  with  specific 
procurement  functions,  should  be  obtained  from  the 
procuring  activity  or  as  directed  by  the  contracting 
officer.) 


2.2  Other  publications.  —  The  following 
documents  form  a  part  of  this  specification. 
Unless  otherwise  indicated,  the  issues  in  ef- 
fect on  date  of  invitation  for  bids  shall  apply. 


FSC  Class  5510 
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American    Wood   Preservers'   Association 
Publications: 

Manual  of  Recommended  Practice : 

C-l  Standards  for  Preservative  Treat- 
ment by  Pressure  Processes — 
All  Timber  Products. 

C-3  Standard  for  the  Preservative 
Treatment  of  Piles  by  Pressure 
Processes. 

P-l  Standard  for  Creosote. 

(Copies  of  American  Wood  Preservers'  Association 
Publications  may  be  obtained  from  the  Secretary- 
Treasurer,  839  17th  Street,  NW.,  Washington  6, 
D.  C.) 

3.  REQUIREMENTS 

3.1  Material.— Piles  shall  be  of  the  kinds 
of  wood  specified.  (See  6.4.) 

3.2  Workmanship.  —  Piles  shall  be  cut 
above  the  ground  swell.  Butts  and  tips  shall 
be  sawed  square  with  the  axis  of  the  pile.  All 
knots  and  limbs  shall  be  trimmed  or  smoothlv 


cut  flush  with  the  surface  of  the  pile,  except 
that  knots  may  be  hand-trimmed  flush  with 
the  surface  of  the  swell  surrounding  the 
knot. 

3.2.1  Peeling. — Type  I  untreated  piles  shall 
be  either  rough  peeled  or  clean  peeled,  unless 
unpeeled,  rough  peeled,  or  clean  peeled  is 
specified  (see  6.8.4).  Type  II  treated  piles 
shall  be  clean  peeled. 

3.3  General  Quality. — Piles  shall  be  sound, 
free  of  decay,  red  heart,  or  insect  attack  ex- 
cept: (a)  the  butt  end  of  cedar  and  cypress 
piles  may  have  a  pipe  or  stump  rot  hole  not 
more  than  IV2  inches  in  diameter;  (b)  cypress 
piles  may  have  peck  aggregating  not  more 
than  the  hole  limitation;  (c)  Southern  pine 
piles  may  have  unsound  knots  no  larger  than 
half  the  permitted  size  of  sound  knots,  pro- 
vided that  the  unsoundness  is  no  deeper  than 
l1/^  inches  and  that  adjacent  areas  of  the 
pile  are  not  affected.  Piles  having  sound  tur- 
pentine scars  undamaged  by  insects  may  be 
accepted. 


Axis  of  Section 
Below  the  Crook 


Deviation 


Axis  of  Section 
Above  the  Crook 


Cose  I -Where   the   Reference  Axes   ore   Approximately   Parallel 


7 

Axis  of  Pole 


Midpoint  of  Crook 

Case  2-Where   Axes   of    Sections   Above  and   Below    the    Crook 
Coincide    or   ore    Practically    Coincident 


Axis  of  Section 
Below  the  Crook 


Deviotion 


Midpoint  in  Cross -Section  ot 
Upper  Boundary  of  Short  Crook 

Cose  3-Where    Axis  of    Section   Above   Short   Crook 
is  not    Poroltel  or    Coincident    with   Axis   Below    the   Crook 

The  three  cases  shown  are  typical,  and  are  intended  to  establish  the  principle  of  measuring  short  crooks.  There  may 
be  other  cases  not  eiacUy  like  those  illustrated 


Figure  1. — Measurement  of  short  crook. 
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3.4  Lengths. — Wood  piles  shall  be  supplied 
in  the  lengths  specified,  as  follows: 

16  to  40  feet,  in  multiples  of  2  feet. 
Over  40  feet,  in  multiples  of  5  feet. 

3.4.1  Tolerance  in  length. — Individual  piles 
may  vary  from  the  length  specified  as  much 
as  ±  1  foot  in  piles  shorter  than  40  feet,  and 
±  2  feet  in  piles  40  feet  and  longer.  The 
average  length  of  all  piles  of  a  specified 
length  in  each  shipment  shall  be  not  less  than 
the  length  specified. 

3.5  Circumferences  and  diameters.  —  The 

circumferences  of  piles  measured  under  the 
bark  shall  have  minimum  and  maximum 
values  as  given  in  table  I,  except  that  not 
more  than  10  percent  of  the  piles  in  any  ship- 
ment may  have  circumferences  2  inches  less 
than  the  tabulated  minimum  values.  The 
longer  diameter  at  the  butt  of  any  pile  shall 
be  not  more  than  1.2  times  the  shorter 
diameter. 

3.6  Heartwood. — If  high  heartwood  con- 
tent is  required  in  type  I  untreated  piles  it 
shall  be  specified,  and  the  diameter  of  the 
heartwood  shall  be  not  less  than  eight-tenths 
the  diameter  of  the  pile  at  the  butt.  (See  6.5.) 

3.7  Sapwood. — Type  II  treated  piles  shall 
have  not  less  than  1  inch  of  sapwood  at  the 
butt  end. 

3.8  Class  A  or  B  piles. 

3.8.1  Straightness. — A  straight  line  from 
the  center  of  the  butt  to  the  center  of  the 
tip  of  class  A  or  class  B  piles  shall  lie  en- 
tirely within  the  body  of  the  pile1.  Class  A 
or  class  B  piles  shall  be  free  of  short  crooks 
in  which  the  deviation  from  straightness  in 
any  5  feet  of  length  anywhere  exceeds  21/2 


inches  (see  fig.  1).  Piles  having  short  crooks 
shall  also  comply  with  the  general  require- 
ments for  straightness. 

3.8.2  Twist  of  grain. — Twist  of  spiral 
grain  in  any  20  feet  of  length  shall  not  ex- 
ceed one-half  of  the  circumference  at  the 
midpoint  of  the  length  measured. 

3.8.3  Knots. — Sound  knots  in  class  A  or 
class  B  piles  50  feet  or  less  in  length,  and  in 
three-quarters  of  the  length  from  the  butt  in 
longer  piles,  shall  be  no  larger  than  4  inches 
or  one-third  of  the  diameter  of  the  pile  at  the 
point  where  they  occur,  whichever  is  smaller. 
Sound  knots  in  the  remaining  one-quarter  of 
the  length  of  piles  longer  than  50  feet  shall 
be  no  larger  than  5  inches  or  one-half  of  the 
diameter  of  the  pile  at  the  point  where  they 
occur,  whichever  is  smaller.  The  size  of  a 
knot  shall  be  its  diameter  measured  at  right 
angles  to  the  length  of  the  pile.  Unsound 
knots  shall  not  be  permitted  except  as  stipu- 
lated in  3.3.  Knot  cluster  shall  not  be  per- 
mitted. The  sum  of  the  sizes  of  all  knots  in 
any  foot  of  length  of  the  pile  shall  not  exceed 
twice  the  size  of  the  largest  single  knot 
permitted. 

3.8.4  Holes. — Holes  less  than  V2  inch  in 
average  diameter  shall  be  permitted  in  class 
A  or  class  B  piles,  provided  the  sum  of  the 
average  diameters  of  all  holes  in  any  square 
foot  of  pile  surface  does  not  exceed  l1/* 
inches. 

3.8.5  Splits  and  shakes. — Splits  in  class  A 
or  class  B  piles  shall  be  no  longer  than  the 
butt  diameter.  The  length  of  any  shake  or 
combination  of  shakes  in  the  outer  half  of 
the  radius  of  the  butt  of  the  pile,  when 
measured  along  the  curve  of  the  annual  ring, 
shall  not  exceed  one-third  the  circumference 
of  the  butt  of  the  pile. 


1  Long  piles  for  driving  to  lighter  bearing  values  may  be  bought  under  a  more  liberal  alternative  specifi- 
cation as  follows:  "A  straight  line  from  the  center  of  the  butt  to  the  center  of  the  tip  may  lie  partly  out- 
side the  body  of  the  pile,  but  the  maximum  distance  between  the  line  and  the  pile  shall  not  exceed  one-half 
percent  of  the  length  of  the  pile  or  3  inches,  whichever  is  smaller." 
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3.9  Class  C  piles. 

3.9.1  Straightness. — A  straight  line  from 
the  center  of  the  butt  to  the  center  of  the 
tip  of  class  C  piles  may  lie  partly  outside  the 
body  of  the  pile,  but  the  maximum  distance 
between  the  line  and  pile  shall  not  exceed 
y%  percent  of  the  length  of  the  pile,  or  3 
inches,  whichever  is  smaller.  Class  C  piles 
shall  be  free  of  short  crooks  in  which  the 
deviation  from  straightness  in  any  5  feet  of 
length  anywhere  exceeds  2V&  inches  (see 
fig.  1).  Piles  having  short  crooks  shall  also 
comply  with  the  general  requirement  for 
straightness. 

3.9.2  Twist  of  grain. — Twist  of  spiral 
grain  in  any  20  feet  of  length  shall  not  ex- 
ceed the  circumference  at  the  midpoint  of 
the  length  measured. 

3.9.3  Knots. — Sound  knots  in  class  C  piles 
shall  be  no  larger  than  5  inches,  or  one-half 
the  diameter  of  the  pile  at  the  point  where 
they  occur,  whichever  is  smaller.  The  size  of 
a  knot  shall  be  its  diameter  measured  at 
right  angles  to  the  length  of  the  pile.  Un- 
sound knots  shall  not  be  permitted  except  as 
stipulated  in  3.3.  Knot  clusters  shall  not  be 
permitted.  The  sum  of  the  sizes  of  all  knots 
in  any  foot  of  length  of  the  pile  shall  not 
exceed  twice  the  size  of  the  largest  single 
knot  permitted. 


3.10  Treatment. — Unless  otherwise  speci- 
fied, treatment  shall  conform  to  the  require- 
ments of  Federal  Specification  TT-W-571. 
The  type  of  treatment  and  the  minimum  re- 
tention per  cubic  foot  shall  be  as  specified. 

3.10.1  Military  (Navy).  —  When  treated 
piles  (type  II)  are  specified,  the  preservative 
treatment,  in  lieu  of  the  requirements  of 
3.10,  shall  conform  to  the  following:  Piles 
shall  be  given  a  preservative  treatment  of 
coal-tar  creosote  oil  by  the  pressure  process. 
The  retention  of  oil  per  cubic  foot  of  wood 
shall  be  not  less  than  20  pounds  for  yellow 
pine  and  14  pounds  for  Douglas  fir.  Creosote 
oil  and  methods  of  treatment  shall  meet  the 
requirements  of  the  following  applicable  spec- 
ifications which  form  a  part  of  the  American 
Wood  Preservers  Association  Manual  of 
Recommended  Practice:  C-l  Standards  for 
Preservative  Treatment  by  Pressure  Proc- 
esses— All  Timber  Products,  C-3  Standard 
for  the  Preservation  Treatment  of  Piles  by 
Pressure  Processes,  and  P-l  Standard  for 
Creosote. 

4.  SAMPLING,  INSPECTION,  AND  TEST 
PROCEDURES 

4.1  Place  of  inspection. 

4.1.1  Type  I  piles  shall  be  inspected  where 
specified. 


3.9.4  Holes. — Holes  less  than  Y->  inch  in 
average  diameter  shall  be  permitted  in  class 
C  piles,  provided  the  sum  of  the  average 
diameters  of  all  holes  in  any  square  foot  of 
pile  surface  does  not  exceed  3  inches. 

3.9.5  Splits  and  shakes. — Splits  in  class  C 
piles  shall  be  no  longer  than  one  and  one-half 
times  the  butt  diameter.  The  length  of  any 
shake  or  combination  of  shakes  in  the  outer 
half  of  the  radius  of  the  butt  of  the  pile, 
when  measured  along  the  curve  of  the  annual 
ring,  shall  not  exceed  one-half  of  the  circum- 
ference of  the  butt  of  the  pile. 


4.1.2  Type  II  piles  shall  be  inspected  at  the 
treating  plant. 

4.2  Inspection. — Inspectors  shall  make  a 
thorough  inspection  of  each  pile  for  conform- 
ance to  this  specification.  Treated  piles  shall 
be  inspected  for  conformance  to  the  treat- 
ment specified. 

4.3  Measurements.  —  Suitable  measuring 
instruments  shall  be  used  to  determine 
lengths  and  sizes  of  piles  as  well  as  the  sizes 
of  knots  and  other  characteristics  covered  by 
this  specification. 
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5.  PREPARATION  FOR  DELIVERY 

5.1  Shipment. — Unless  otherwise  specified, 
piles  shall  be  shipped  in  accordance  with 
standard  commercial  practice.  Loading  for 
shipment  shall  be  in  accordance  with  the 
applicable  carrier  regulations. 

5.2  Marking.  —  Marking,  segregation  of 
species,  lengths,  and  classes  shall  be  as  speci- 
fied. 

5.2.1  Special  marking  or  preparation  for 
shipment  required  by  public  carriers  shall  be 
performed  by  the  contractor  without  expense 
to  the  Government.  Marking  for  military 
piles  shall  be  marked  in  accordance  with 
Military  Standard  MIL-STD-129. 

6.  NOTES 

6.1  Intended  use.  —  The  purpose  of  this 
specification  is  to  define  satisfactory  piles 
for  driving  to  bearing  values  that  are  related 
to  the  supporting  power  of  the  soil,  rather 
than  the  ultimate  strength  of  the  pile.  Where 
round  timber  piles  are  used  in  structural 
design  to  sustain  loads  or  forces  approaching 
the  safe  working  strength  of  structural 
lumber  they  should  be  designed  as  structural 
members  and  so  specified;  for  this  the  fol- 
lowing standard  is  recommended:  "Tentative 
Methods  for  Establishing  Structural  Grades 
of  Lumber"  (ASTM  Designation:  D245).  The 
piles  defined  in  this  specification  are  identical 
with  those  described  in  "Standard  Specifica- 
tions for  Round  Timber  Piles"  (ASTM  Desig- 
nation: D25-55). 

6.2  Ordering  data.  —  Purchases  should 
specify  type,  class,  species  and  length  of 
piles  required  and  should  exercise  any  desired 
options  offered  herein.  (See  1.2,  1.3,  3.1,  3.2.1, 
3.3,  3.4,  3.6,  3.7,  3.10,  4.1.1,  5.1,  5.2,  6.3,  6.4, 
6.6.) 

6.3  Use  classification. — Class  A  piles  are 
large,  high-quality  piles  suitable  for  heavy 
railway  bridges  and  trestles,  piers  and  other 


heavy  construction.  The  minimum  diameter  of 
butt  permits  the  use  of  load-bearing  timber 
caps  14  inches  wide.  Class  B  piles  may  be 
smaller  but  are  of  the  same  high  quality  as 
class  A.  They  are  suitable  for  docks,  wharves, 
highway  work,  building  foundations,  and  gen- 
eral construction.  The  minimum  diameter  of 
butt  permits  the  use  of  load-bearing  timber 
caps  12  inches  wide.  If  special  purpose  piles 
of  class  B  quality  but  smaller  than  standard 
size  are  desired  they  must  be  specially  speci- 
fied. In  general,  class  C  piles  may  be  smaller 
than  either  of  the  other  classes.  Their  quality 
may  be  lower  but  they  are  suitable  for  sub- 
merged foundations,  building  foundations 
where  loads  are  not  excessive,  cofferdams, 
falsework,  and  sundry  temporary  work. 

6.4  Kinds  of  wood. — Douglas  fir,  Southern 
pine,  and  oak  are  the  principal  kinds  of  wood 
used  for  piles.  The  cedars,  chestnut,  cypress, 
larch,  red  pine,  lodgepole  pine,  ponderosa 
pine,  the  spruces,  and  tamarack  are  some- 
times used  and  are  generally  available.  Invi- 
tations for  bids  need  not  be  restricted  to  one 
kind  of  wood. 

6.4.1  Although  not  ordinarily  considered 
as  pile  woods,  sweet  birch,  yellow  birch, 
sugar  maple,  American  elm,  rock  elm,  sweet 
gum,  swamp  tupelo,  and  water  tupelo  have 
many  characteristics  that  make  them  suit- 
able for  pile  use.  When  available,  the  inclu- 
sion of  these  woods  in  invitation  for  bids 
may  be  advisable. 

6.5  Heartwood. — The  service  life  of  un- 
treated piles  used  under  conditions  where 
decay  is  a  factor  may  be  increased  by  using 
piles  having  a  large  proportion  of  heartwood. 
However,  some  kinds  of  wood  in  trees  of  pile 
size  do  not  have  much  heartwood.  Therefore 
a  heartwood  stipulation  in  the  invitation  for 
bids  for  untreated  piles  is  appropriate  only 
when  actually  required  and  when  high  heart- 
wood  content  timber  is  available.  Heartwood 
is  of  no  significance  in  piles  that  will  remain 
continuously  wet. 
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6.6  Treatment1. — Piles  used  for  permanent 
construction  under  conditions  of  exposure  to 
attack  by  fungi,  insects,  or  borers  should  be 
treated. 

6.7  Handling.  —  Piles,  particularly  long 
piles,  should  be  handled  carefully  to  avoid 
breakage,  mechanical  damage,  or  injuries. 
Treated  piling  should  be  carefully  handled  to 
prevent  mechanical  damage  or  penetration 
of  the  treated  sapwood  which  could  allow 
entrance  of  fungi,  insects  or  marine  borers  to 
the  untreated  heartwood  and  greatly  de- 
crease service  life. 

6.8  Definitions. 

6.8.1  Split. — Lengthwise  separation  of  the 
wood,  most  of  which  occurs  across  the  rings 
of  annual  growth,  extending  through  the  pile. 

6.8.2  Shake. — Separation  along  the  grain, 
most  of  which  occurs  between  the  rings  of 
annual  growth. 

6.8.3  Knot  cluster. — Two  or  more  knots 
grouped  together,  the  fibers  of  the  wood  be- 
ing deflected  around  the  entire  unit.  A  group 
of  single  knots,  with  the  fibers  deflected 
around  each  knot  separately  is  not  a  cluster, 
even  though  the  knots  may  be  in  close 
proximity. 

6.8.4  Peeling. — There  are  two  kinds  of 
peeled  piles. 


6.8.4.1  Clean  peeled  piles  require  the  re- 
moval of  all  outer  bark.  In  addition,  at  least 
80  percent  of  the  inner  bark,  well  distributed 
over  the  surface  of  the  pile  shall  be  removed. 
For  proper  preservative  treatment,  no  strips 
of  inner  bark  wider  than  i/o  inch  shall  remain. 
The  sapwood  shall  not  be  cut  through  or  re- 
moved in  the  process  of  peeling. 

6.8.4.2  Rough  peeled  piles  require  the  re- 
moval of  all  outer  bark.  The  removal  of  inner 
bark  is  immaterial. 


6.9  It  is  believed  that  this  specification 
adequately  describes  the  characteristics  nec- 
essary to  secure  the  desired  materials,  and 
that  normally  no  samples  will  be  necessary 
prior  to  award  to  determine  compliance  with 
the  specification.  If,  for  any  particular  pur- 
pose, samples  with  bids  are  necessary,  they 
should  be  specifically  asked  for  in  the  invita- 
tion for  bids,  and  the  particular  purpose  to 
be  served  by  the  bid  sample  shall  be  definitely 
stated,  the  specification  to  apply  in  all  other 
respects. 


6.10  Federal  specifications  do  not  include 
all  types,  classes,  grades,  sizes,  etc.,  of  the 
commodities  indicated  by  the  titles  of  the 
specifications,  or  which  are  commercially 
available,  but  are  intended  to  cover  the  types, 
classes,  etc.,  which  are  suitable  for  Federal 
Government  requirements. 


1  No  species  is  immune  to  attack  by  marine  borers  without  treatment.  The  sapwood  of  no  species  is  im- 
mune to  decay  without  treatment.  The  heartwood  of  some  species,  such  as  cedar  and  cypress,  is  naturally 
decay  resistant  without  treatment  (see  6.5).  Such  species  are  suitable  for  shore  use  without  treatment 
if  the  service  life  is  expected  to  be  short.  For  the  most  part,  it  is  advisable  to  use  treated  piling  regardless 
of  species  or  end  use.  The  treatment  always  provides  added  protection.  Since  penetration  in  round  timbers, 
such  as  poles  and  piling,  is  chiefly  confined  to  the  sapwood,  it  is  necessary  to  consider  the  relative  ease  with 
which  the  sapwood  can  be  penetrated  when  piling  is  to  be  treated.  In  the  case  of  the  species  listed  in  6.4, 
the  sapwood  of  the  spruces  can  be  classed  as  definitely  resistant  to  treatment.  Both  the  sapwood  and  heart- 
wood  of  the  several  spruce  species  are  resistant  and  there  is  little  difference  in  their  relative  penetrability. 
Cedar  sapwood  is  also  more  or  less  resistant,  especially  in  the  region  where  the  sapwood  changes  to  heart- 
wood,  but  the  sapwood  of  this  species  is  much  less  resistant  than  the  sapwood  of  the  spruces.  The  sapwood 
of  Douglas  fir  and  larch  is  usually  somewhat  more  resistant  than  that  of  the  pines  but  the  difference  is  not 
great.  With  the  exception  of  the  spruces  and  cedars,  the  sapwood  of  the  other  species  listed  can  be  considered 
moderately  easy  to  treat  by  the  pressure  process. 
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6.11  Transportation  description.  —  Trans- 
portation description  applicable  to  this  item 
is: 

Piling,  wooden,  whether  or  not  creosoted 
or  otherwise  preservatively  treated. 
Carload     minimum     weight     36,000 
pounds. 

Piling,  wooden. 

Truckload    minimum    weight    36,000 
pounds. 

Patent  notice. — When  Government  drawings,  speci- 
fications, or  other  data  are  used  for  any  purpose  other 


than  in  connection  with  a  definitely  related  Govern- 
ment procurement  operation,  the  United  States  Gov- 
ernment thereby  incurs  no  responsibility,  nor  any  obli- 
gation whatsoever;  and  the  fact  that  the  Government 
may  have  formulated,  furnished,  or  in  any  way  sup- 
plied the  said  drawings,  specifications,  or  other  data, 
is  not  to  be  regarded  by  implication  or  otherwise,  as 
in  any  manner  licensing  the  holder  or  any  other  per- 
son or  corporation,  or  conveying  any  rights  or  permis- 
sion to  manufacture,  use,  or  sell  any  patented  inven- 
tion that  may  in  any  way  be  related  thereto. 

MILITARY  INTERESTS: 
Army — E 
Navy — Y  Sh  S 
Air  Force. 


*         U.  S.  GOVERNMENT  PRINTING  OFFICE!  I»S« 


Copies  of  this  specification  may  be  purchased  for  10  cents  each. 
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The  one-man  chain  saw--boon  to  efficient  pulpwooding. 


PULPWOODING     WITH     LESS     MAINPOWER 


Sam   Guttenberg    and   Joe  D.    Perry 
Southern   Forest    Experiment   Station 


In  some  twenty  eventful  years  since  1935  southern  pulpwood  pro- 
duction has  leaped  from  2  million  cords  annually  to  20  million- -and 
further  increases  are  imminent.  During  this  period,  the  rural  popu- 
lation--the  primary  source  of  pulpwood  labor- -decreased  markedly, 
with  additional  shrinkage  likely.  Today,  the  pulp  and  paper  industry  is 
aware  that  the  pressing  problem  is  to  make  more  pulpwood  with  less 
manpower.  Further,  costs  must  be  kept  reasonable,  for  over  the  years 
the  outlay  for  wood  has  been  making  up  more  and  more  of  the  total  cost 
of  producing   pulp. 

Traditional  pulpwood  suppliers,  2  or  3  men  equipped  with  a  saw 
and  light  truck  and  working  part-time,  still  produce  most  of  the  pulp- 
wood, but  professional  yearlong  operators  are  bringing  in  an  increas- 
ing proportion.  The  paper  industry  is  rapidly  approaching  the  point 
where  it  will  have  to  depend  heavily  on  professional  wood  cutters- -that 
is,  producers  who  can  provide  a  combination  of  timber  and  machinery 
that  will  assure  earnings  sufficient  to  hold  young  and  vigorous  men  in 
pulpwooding    throughout    the    year. 

This  paper  evaluates  the  labor  requirements  of  several  systems 
of  pulpwooding  in  various  timber  types.  Three  methods  of  loading  and 
hauling  pine  bolts  were  compared  in  the  flatwoods  of  Arkansas.  Another 
pine  operation,  and  also  a  pine-gum  harvest,  was  observed  in  the  rol- 
ling hills  of  central  Mississippi.  Finally,  a  crew  was  timed  while  cut- 
ting hardwoods    in   the    bottoms  of   the  Pearl  River,    also  in  Mississippi. 

Recently,  large  numbers  of  mechanized  woodyards  have  appeared 
in  the  South.  Some  cordage  from  the  Mississippi  operations  was  trucked 
to  such  a  yard,  to  measure  the  degree  to  which  yard  equipment  speeded 
wood  handling. 


STUDY  METHOD 

The  approach  in  this  study  was  essentially  that  advocated  by 
Hasel  and  Downs,  among  others  (6,  8).  That  is,  variations  in  output  of 
men  and  machines  were  related  to  the  characteristics  of  the  timber 
being  cut.  Differences  in  man-  and  machine-hours  required  to  produce 
pulpwood  were  tested  for  association  with  the  volume  and  the  number  of 
trees  and  bolts  cut  per  acre,  mean  tree  size,  dispersion  around  mean 
tree  size,  and  other  stand  factors  of  the  kind  readily  derived  from  the 
data  normally  collected  when  timber  is  marked  for  harvest. 

In  each  of  the  various  tests  the  plan  was  to  harvest  a  constant 
volume  of  pulpwood  from  each  plot,  but  to  vary  the  plot  acreage  to  pro- 
vide a  range  of  cutting  conditions.  As  the  trees  were  cut,  each  one  was 
calipered  to  determine  its  d.  b.  h.  to  the  nearest  inch,  and  the  number  of 
its  bolts  was  counted.  The  commonplace  5-foot  bolt  was  standard 
throughout  the  study.  Commercial  pulpwood  scale  established  cut  vol- 
ume for  each  plot.  These  data,  together  with  surveyed  plot  acreages, 
provided  the  basis  for  analyzing  productivity  in  terms  of  the  structure 
of   the    cut    stand. 

Felling,  bucking,  and  limbing  combined  were  timed  as  a  work 
unit.  The  other  four  elements- -each  timed  separately- -were  bunching, 
loading,  hauling,  and  unloading.  Man-  as  well  as  machine-hours  were 
noted.  No  distinction  was  drawn  between  effective  and  noneffective  work 
time:  visits  to  the  water  barrel,  filing  saws,  fueling  machines,  and  the 
like    were    counted   as    normal    to    the    job. 

Productivity  per  man-hour  is  stressed  throughout  this  report 
because  the  pulpwooder's  goal  is  usually  a  certain  number  of  truckloads 
or  cords  per  week.  The  work  day  tends  to  be  short  in  good  timber  and 
long  in  poor.  Therefore  man-hour  data  are  somewhat  more  meaningful 
than  man-day  output  unless  the  latter  is  averaged  over  more  work  days 
than   is    usual    in   time    studies. 

The  applicability  of  cost  data  to  conditions  other  than  those  spe- 
cifically investigated  is  never  known.  The  procedure  followed  in  this 
study  is  recommended  for  those  willing  to  make  their  own  analyses. 
Beyond  that,  timber  growers,  large-volume  pulpwood  producers,  and 
processors  can  use  the  data  with  due  regard  to  how  their  own  timber, 
crew   organization,    and  equipment    differ    from    those    described   herein. 


FLATWOODS  PINE 

Thirty-two   plots  yielding  about    220  cords  of  pine  were  installed 
in  flatwoods   shortleaf-loblolly  pine  hardwoods  near  Camden,    Arkansas. 


-   2 


This  level  stretch  of  country  is  much  like  the  longleaf- slash  pine  belt 
of  the  lower  Coastal  Plain,  except  that  the  understory  is  brushier.  The 
timber  was  marked  to  simulate  partial  cutting,  except  that  a  deliberate 
effort  was  made  to  include  some  trees  larger  than  those  usually  re- 
moved in  present-day  pulpwood  thinnings.  The  plots  were  clustered 
along  both  sides  of  a  gravelled  all-weather  road.  The  average  hauling 
distance  to  the  millyard  was  24  miles,    nearly  all  paved. 

The  purpose  was  to  compare  traditional  stump  loading  of  single- 
axled  "bobtail"  trucks  with  two  alternative  pallet  systems, one  involving 
a  tandem-axled  truck  carrying  2  pallets,  and  one  using  a  trailer  hauling 
5  pallets.  Ten  plots  were  assigned  to  stump  loading, 10  to  the  palletized 
tandem,  and  12  to  the  trailer.  Each  set  of  plots  represented  about  the 
same  range  of  cutting  conditions.  The  timber  was  harvested  during 
August   and   September  1956. 

The  producer's  men  worked  in  felling,  loading, or  hauling  teams, 
without  shifting  back  and  forth  between  functions.  The  men  were  paid 
by  the  unit  of  output--the  cutters  by  the  cord,  the  loaders  by  the  pallet, 
and  the  drivers  by  the  truckload.  Payment  by  unit  of  output,  in  one  form 
or  another,  is  common  to  the  pulp  industry,  for  it  is  perhaps  the  easiest 
way  of  coping  with  the  problem  of  supervision.  Especially  where  scat- 
tered trees  are  being  cut  in  brushy  areas  and  rolling  hills,  men  paid  by 
the    hour    are    unlikely    to   be    as    productive    as    those    paid  piece    rates. 

Felling,  bucking,  and  limbing.  --  The  alternative  pulpwooding 
systems  differed  only  in  the  way  bolts  were  handled  after  they  had  been 
made.  Consequently,  felling,  bucking,  and  limbing  was  studied  in- 
dependently of  system.  Bolts  on  all  plots  were  produced  by  the  same 
4-man  team,  which  consisted 
of  a  faller,  a  bucker,  and  two 
limbers.  The  faller  used  a 
Model  47  McCulloch  chain  saw 
with  a  bar  attachment  and  the 
bucker  the  same  make  of  saw 
with  a  bow.  Special  care  of 
saws  was  sacrificed  for  speed 
in  cutting.  A  plentiful  supply 
of  parts  was  kept  at  hand,  as 
spark  plugs  lasted  a  week  or 
less  and  chains  about  400 
cords.  The  sawyers  preferred 
the  heavier  equipment  because 
it  had  less  down  time.  Field 
repairs  were  made  in  a  matter 
of  minutes  and  saw  stoppage  Figure  1. --Man-hours  per  cord  for  felling, 
was    trivial.  limbing,    and    bucking    flatwoods   pine. 
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Figure  1  presents  the  data  on  felling,  bucking,  and  limbing.  It 
will  be  seen  that  the  number  of  man-hours  required  to  produce  a  cord 
of  wood  decreased  as  cut  per  acre  increased.  Average  tree  diameter, 
as  indicated  by  the  number  of  trees  required  to  make  up  any  given 
cut  per  acre,  was  also  influential.  These  findings  agree  with  those 
of  other  studies.  Cuno  and  Reynolds,  observing  partial  cuts  between 
1936  and  1945,  found  that  handsaw  teams  took  4  man-hours  to  produce 
a  cord  of  bolts  (5,  9,  10).  Under  roughly  comparable  conditions  in  the 
present  study,  one-man  chain  saws  reduced  labor  needs  to  less  than  1 
man-hour  per  cord.  Power  saws  have  been  a  main  factor  in  making  it 
possible  to  cut  more  pulpwood  with  less  manpower. 

Figure  1  can  also  be  used  to  estimate  saw  use.  Because  only  2 
of  the  4  men  in  the  crews  had  saws,  and  because  the  sawyers  did  not 
trade  jobs  with  the  limbers,  halving  the  man-hours  provides  an  estimate 
of  saw-hours.  For  example,  a  cut  of  15  trees  per  acre,  containing  2 
cords,  would  require  0.8  man-hour  and  0.4  saw-hour  per  cord. 


The  source  of  figure  1  is  the  formula: 
0.45       1.64 


Y  =  0.70 


N 


where:     C  =  cut  per  acre  in  standard  cords 
N  =  number  of  trees  cut  per  acre. 
The  multiple  correlation  coefficient  (R)  is  0.  746. 


STUMP  LOADING 


Two-ton   bobtail    trucks,    carrying    an   average    load   of    3    cords, 
were  used  to  haul  the  bolts  to  the  millyard.     The  trucks  were  not  driven 

from  stump  to  stump,  as  the 
system's  name  implies;  rather, 
bolts  were  piled  near  swamped 
roadways  for  loading. 

The  loading  teams  con- 
sisted of  3  men,  one  of  whom 
was  the  truck  driver.  While 
the  truck  was  on  the  plot,  the 
driver  was  out  of  his  cab  two- 
thirds  to  three-quarters  of  the 
time,  usually  working  on  top 
of  the  load;  for  convenience, 
all    of   his     time    is    counted   in 


loading.  While  the  truck  was 
on  the  road,  the  other  two 
loaders  swamped  roadways 
and    located   and  piled    bolts. 

The  productivity  data 
are  summarized  in  figure  2. 
Cut  per  acre  affected  pro- 
ductivity because  it  influenced 
the  time  required  to  find 
bolts,  the  distance  they  had  to 
be  carried  or  tossed,  and  the 
amount  of  swamping.  For 
these  reasons,  loading  time 
decreased  sharply  as  cut  per 
acre  rose  from  0.5  to  2  cords. 
Beyond  a  2-cord  cut,  swamp- 
ing and  related  tasks  were 
only  slightly  affected. 


<0 

£■>■ 


- 

PJ      5-57 

As  mean  tree  size  (di- 
ameter at  breast  height)  de- 
clined and  bolt  diameter  de- 
clined with  it, more  cords  per 
man-hour  were  loaded.  The 
reason  was  chiefly  that  cords 
consisting  of  large  bolts  weigh 

more  than  those  made  up  of  small  bolts  (11).  That  is, the  solid  volume  of 
wood  and  hence  the  weight  per  rough  cord  increase  with  average  bolt  size. 
Too,  carrying  heavy  bolts  to  the  truck  probably  burned  up  human  energy 
disproportionately. 
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Figure    2. --Man-hours   and    truck-hours    for 
stump   loading. 


The  curves  in  figure  2  were  computed  from  the  formula: 

Y  =  ±^£  +  0.  25  —  -  0.  86 
C  N 

R  =  0.798 

where:     C  =  cut  per  acre  in  standard  cords 

SD       Sum  of  the  tree  diameters  (at  breast  height)  per  acre 
N  divided  by  the  number  of  trees. 


Truck-hours  in  loading  also  varied  with  cut  per  acre.  The 
truck-hour  curve  at  the  bottom  of  figure  2  takes  in  all  time  between  the 
truck's  arrival  on  the  plot  and  its  departure  to  the  millyard-- standby 
time    plus    travel    between  piles    of  bolts. 


The  curve  is  based  on  the  equation: 

/\ 

Y  =  0.40  +  0.  17    ~   cords  per  acre 

r  =  0.  772 

The  bobtails  carried  their  3  cords  at  an  average  round-trip  speed 
of  31.  3  m.  p.  h.  ,  or  0.  021  truck-  and  man-hour  per  cord  per  round-trip 
mile.  At  the  millyard  trucks  were  unloaded  mechanically.  Delay  time 
and  spotting  the  trucks  for  scaling  and  unloading  required  0.  14  truck- 
and   man-hour    per    cord. 


PALLET  SYSTEMS 

Shortly  after  the  close  of  World  War  II,  pallets  were  introduced 
to  the  southern  pulpwood  industry.  At  first  they  were  used  primarily  for 
logging  in  wet  weather,  when  stump  loading  is  infeasible.  Nowadays 
they  are  becoming  increasingly  popular  because  they  minimize  labor 
required  in  loading  and  hence  make  the  job  more  attractive.  Too,  they 
promise  to  increase  wood  production  by  farmers  and  other  part-time 
workers,  for  they  eliminate  the  need  for  truck  ownership  and  bolt  de- 
livery. That  is,  empty  pallets  can  be  spotted  at  the  farmstead  and 
picked    up    whenever    filled. 

Pallet  capacity  varies  with  the  length  of  the  truck  or  trailer  bed 
and  with  other  factors.  High-grade  steel  pipe  (salvaged  from  the  oil 
fields)  or  double- strength  iron  pipe  is  used  for  the  frames,  and  shaped 
steel  plates  are  welded  to  the  bottom  members  to  reduce  drag  friction. 
The  tandem  truck's  pallets  averaged  2  cords'  working  capacity,  the 
trailer's  pallets  were  smaller;  they  held  1.4  cords.  Power  take-offs 
and  winches  were  used  to  make  the  truck  and  trailer  self-loading.  The 
tandem  used  man-handled  steel  skids  and  the  trailer  a  permanently 
attached  bumper  bar  in  loading,    (figs.    3  and  4). 

The  palletized  tandem.  -- Unlike  the  bobtail  truck,  the  tandem 
truck  was  spared  the  wear  and  tear  of  driving  through  the  woods  from 
bolt  pile  to  bolt  pile.  It  entered  the  woods  only  at  convenient  points,  to 
drop  empty  pallets  and  load  full  ones.  The  driver  loaded  and  unloaded 
pallets  with  nominal  help  from  one  of  the  bolt  handlers. 

The  pallet  loading  team  included  4  men- -the  driver  of  a  D-4 
Caterpillar  tractor,  a  bolt  spotter,  and  two  loaders.  The  tractor  was 
used  to  bunch  rather  than  skid.  It  hooked  on  to  an  empty  pallet,  towed 
it  to  nearby  bolts  located  by  the  spotter,  and  then  returned  the  filled 
pallet  to  the  truck's  loading  point.  Where  bolts  were  plentiful  or  large, 
all  4  team  members  helped  to  get  them  on  the  pallet  (fig.    5). 


i 


Spilling  empty  pallets  and  winching  full  ones  onto  the  tandem. 
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Figure  4. --Loading  the  palletized  trailer. 
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Figure    5. --Pallet    loading. 
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Enough  pallets  were  available  so  that  truck  loads  were  readied 
about  as  fast  as  the  truck  completed  round  trips  to  the  millyard.  Be- 
tween 2  and  3  times  the  number  of  pallets  carried  by  the  hauling  unit 
were    needed   for    efficient    operation. 

As  one  would  expect,  it  took  fewer  man-hours  to  load  bolts  on 
pallets  than  to  stump-load  them  on  bobtails.  Within  this  general  advan- 
tage, wood  output  varied  as  it  did  with  stump  loading  (fig.  2).  That  is, 
labor  per  cord  decreased  rapidly  as  cut  per  acre  rose  from  0.  5  to  2 
cords.  Small  bolts  loaded  faster  than  large, mainly  because  of  weight 
differences  per  cord,    as  explained  previously. 

Much  of  the  saving  of  man-hours  by  pallet  loading  over  sturnp 
loading  can  be  attributed  to  the  fact  that  bolts  must  be  lifted  about  3  feet 
higher  to  the  truck  than  to  the  pallet.  Since  the  average  cord  weighs 
about  5,  000  pounds,  it  may  be  calculated  that  stump  loading  requires 
15,000  foot-pounds  more  human  effort  per  cord  than  pallet  loading. 
Too,  many  bolts  that  require  two  men  to  load  directly  on  a  truck  can  be 
up-ended  onto  a  pallet  by  one  man. 

The  difference  between  stump  and  pallet  loading  can  be  illus- 
trated by  an  example.  For  instance,  if  timber  averaging  8  inches  d.b.h. 
and  2  cords  per  acre  is  stump-loaded,  1.  9  man-hours  per  cord  is  re- 
quired (fig.  2).  Pallet-loading  the  same  timber  takes  only  1.3  man- 
hours    per    cord    (fig.    6). 

Figure  6  applies  to  tractor  use  also  because  tractor-hours  for 
all  variables  are   1/4  of  man-hours. 

Figure  6  was  derived  from  the  formula: 

0.  39  ,   SD 

Y  =  0.  68  +  — —  +  0.  06  -^~ 

R  =  0.  871 

where:     C  =  cut  per  acre  in  standard  cords 

SD       Sum  of  tree  diameters  per  acre  divided  by  the 
N  number  of  trees. 

Tractor    driving    time    as    well   as  the    nominal    assistance    provided   the 
truck     driver     in    loading     pallets     is     included    in    loading     man-hours. 

Loading  the  pallets  on  the  tandem  required  0.08  truck-  and  man- 
hour  per  cord.  The  tandem  carried  4  cords  at  an  average  round-trip 
speed  of  27.9  m.p.h.  ,  or  0.018  truck-  and  man-hour  per  cord  per  round- 
trip  mile.  At  the  millyard  0.  14  truck-  and  man-hour  per  cord  was 
needed   to    scale    and    unload   the    bolts. 
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Figure   6. 
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CUT     PER     ACRE     (CORDS) 

Man-hours   per    cord    for    loading    2-cord   pallets    (tandem) 


The  palletized  trailer.  -- The  palletized  trailer  and  tandem  are 
similar  in  that  they  are  self-loading.  The  main  difference  lies  in  the  de- 
gree of  off-the-road  maneuverability,  in  which  the  tandem  is  superior. 
Even  though  the  trailer's  pallets  are  smaller,  the  length  of  the  unit  and 
the  loaded  weight  preclude  off-the-road  hauling.  On  tracts  lacking  suf- 
ficient gravel  roads  or  their  load-bearing  equivalent,  pallets  would  have 
to  be  skidded  considerable  distances  to  the  trailer.  Under  the  same  con- 
ditions, the  tandem  could  be  driven  onto  the  tract.  This  difference  be- 
tween the  two  systems  did  not  affect  the  present  study,  however,  for  all 
plots  were  adjacent  to  a  gravel    road. 

The    identical    loading    crew   and    tractor     studied   in    the  tandem 
operation   was     used    on    the     trailer    plots. 

As  a  comparison  of  figures  6  and  7  shows,  the  small  pallets  were 
more  efficient   than  large  ones    for  timber  of   the    usual    pulpwood    sizes. 
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CUT    PER    ACRE    (CORDS) 

Figure    7. - -Man-hours    per   cord    for    loading    1.4-cord    pallets    (trailer). 

For  timber  averaging  10  inches  and  larger,  the  tandem's  2-cord  pallets 
proved  more  efficient  than  the  trailer's  1.4-cord  pallets.  The  differ- 
ence may  arise  partly  because  the  trailer  system  requires  the  tractor 
to  couple,  pull,  and  uncouple  more  pallets  per  cord.  The  tractor  musl 
also  cover  a  greater  area  per  cord  to  gather  in  a  trailer  load  than  a 
truckload- -and  the  truck  is  a  faster  prime  mover  than  the  tractor.  The 
differences  notwithstanding,  both  pallet  systems  required  fewer  man- 
hours  than  did  stump  loading. 


The    pallet   loading  curves  in   figure    7    were    computed   from    the 


formula: 


Y  =  0.  27  —  +lLZl    -    1.  38 
N  C 

R  =  0.  849 


where:     SD       Sum  of  the  tree  diameters  per  acre  divided  by  the 
N  number  of  trees 

C  =  cut  per  acre  in  standard  cords. 
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As  with  the  tandem  system,  tractor-hours  are  1/4  of  man-hours.  The 
time  used  in  driving  the  tractor  and  helping  the  truck  driver  load  the 
trailer    is    included   in   pallet   loading. 

Loading  the  pallets  on  the  trailer  required  0.06  truck-  and  man- 
hour  per  cord.  The  trailer  carried  7  cords  at  an  average  round-trip 
speed  of  26.  7  m.  p.  h.  ,  or  0.  Oil  tractor-  and  trailer-hour  per  cord  per 
round-trip  mile.  At  the  millyard  0.  07  machine-  and  man-hour  per 
cord  were  needed  to  scale    and    unload   the    pulpwood. 


THE  ALTERNATIVES  COMPARED 

A  specific  example  will  serve  to  compare  stump  loading  with  the 
pallet  systems.  Assume  that  each  method  is  used  to  log  tracts  that  have 
been  marked  to  yield  20  trees  to  the  acre,  averaging  8  inches  in  d.  b.  h. 
and  containing  2  cords.  The  timber  is  20  miles  from  the  nearest  mech- 
anized mill-  or  woodyard.  Hourly  machine  rates, exclusive  of  operator's 
wages,  are  estimated  at  $3.00  for  bobtails,  $5.00  for  Caterpillar  D-4's, 
$4.  00  for  palletized  tandems,  $6.  00  for  the  palletized  trailer  system, 
and  $1.50  for  the  chain  saws.  These  costs  are  for  illustrative  purposes 
and  are  not  necessarily  typical.  Even  for  standard  items,  costs  vary 
from  operator  to  operator  because  of  differences  in  maintenance, 
method  of  obtaining  supplies,  estimating  depreciation,  and  the  like. 
Each  operator  must  rely  on  his  own  experience  and  records  in  setting 
machine  rates.  For  convenience,  all  labor  is  estimated  at  $1.00  per 
hour;  Social  Security  and  Workmen's  Compensation  fees  are  omitted 
from  the  example,    but  must  be  recognized  where  appropriate. 
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LOADING: 

1.  9    man-hou rs 
.  5    truck-hour 


Stump   Loading    (fig.    2) 


@   $1.00 
@  $3.00 


HAULING: 

20    miles    x    .021    hour    =    . 42 

Unloading    at    mill  =    .  14 

. 56   truck-hour  @  $3.00 
. 56    man-hour        @  $1.00 


Palletized   Tandem    (fig.    6) 


@  $1.00 
@  $5.00 


LOADING  PALLETS: 

1.3    man-hours 
.3    tractor- hour 

HAULING: 

Loading    truck  =    .08 

20   miles    x    .018    hour    =    . 36 

Unloading    at    mill  =    .  14 

.58    truck-hour  @   $4.00 
.58    man-hour        @   $1.00 


Palletized   Trailer    (fig.    7) 


LOADING  PALLETS: 

1.  0    man-hour 
.25    tractor-hour 

HAULING: 

Loading  trailer 

20  miles  x   .011  hour 

Unloading    at    mill 


@  $1.00 
@  $5.00 


.06 

.22 

.07 

.35    truck-trailer    hour   @   $6.00 

.35    man-hour  @   $1.00 
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Dollars   per    cord 

1.90 
1.50 


1.68 
.56 

5.64 


Dol lar s   per    cord 

1.30 
1.50 


(or 


Zi 


2 

32 
58 

5 

70 

Dollars   per    cord 

1.00 
1.25 


2.  10 
.35 

4.70 


The  cost  of  felling  and  bucking  the  timber  (fig.  l)is  the  same  for 
each  method,  about  $1.48  per  cord  (comprised  of  85  cents  for  0.85  man- 
hour  plus  63  cents  for  0.42  saw-hour).  Thus,  total  production  cost 
varied  from  $6.18  to  $7.28  per  cord.  As  the  example  shows,  the  pallet- 
ized trailer  was  the  best  by  a  small  margin.  In  general,  for  cuts  below 
3  cords  per  acre  either  pallet  system  saves  enough  man-hour  expense 
to    more    than   pay   machine    costs. 

At  cuts  of  1  cord  per  acre,  but  with  all  other  assumptions  as  be- 
fore, costs  would  be  $8.49  per  cord  for  stump  loading,  $8.  11  for  the 
tandem,    and  $6.  90   for    the    trailer. 

A  saving  of  0.  8  man-hour  of  loading  labor  is  needed  to  offset  the 
machine  costs  of  pallet  systems.  A  glance  at  figures  2,  6,  and  7  makes 
plain  that  at  cuts  beyond  3  cords  per  acre  such  savings  over  stump 
loading  were  not  achieved.  Nevertheless,  the  cost  differences  are  so 
small  that  slight  gains  in  wage  rates  relative  to  machine  costs  will 
eliminate  stump  loading  as  an  alternative.  In  the  foregoing  examples, 
the  addition  of  Social  Security  and  Workmen's  Compensation  fees  would 
have  made  stump  loading  a  much  poorer  alternative. 

Dollar  comparisons  aside,  pallets  may  be  the  solution  for  pro- 
ducers who  find  it  difficult  to  recruit  labor  for  the  arduous  job  of  stump 
loading. 


ROLLING  HILLS  PINE 

Pulpwood  producers  recognize  that  their  operations  have  to  be 
fitted  to  terrain  and  timber  type.  In  the  hills,  stump  loading  is  infea- 
sible  and  the  professionals  use  light  tractors  to  bunch  tree  boles. 

To  evaluate  a  hill  operation,  20  pine  plots  were  installed  in 
shortleaf-loblolly  pine-hardwood  stands  near  Carthage,  Mississippi. 
Wood  was  hauled  on  two  tandem -axled  trucks  carrying  4.  5  cords  per 
load.  Bolts  from  1 0  of  the  plots  were  delivered  to  a  public  rail  siding, 
while  those  from  the  other  plots  were  hauled  to  a  mechanized  woodyard 
at    Canton,    Mississippi. 

The  plots,  which  were  marked  for  a  partial  cutting,  yielded  a 
total  of  335  cords.  The  timber  was  harvested  during  September  1955. 
As  in  Arkansas,    the    production   was    timed  by   function. 

The  crew  varied  from  7  to  1 1  men,  and  were  paid  by  the  cord  for 
each  day's  output;  each  man  received  the  same  rate  of  pay.  The  men 
shifted  freely    between   all    the    various     activities    of   felling,    bunching, 
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Figure  8. --The  tandem-axled  trucks  averaged  4.5  cords  per  load. 
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Figure  9. 
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--Man-hours  per   cord    for    felling, 
and   bucking  hill    pine. 


bucking,  loading,  and  hauling. 
The  emphasis  was  on  team 
work  to  get  out  the  cordage 
to  make  the  day.  Because 
shirking  reduced  the  wages 
of  all,  the  men  saw  to  it  that 
each  one  did  his  share- -in 
effect,  supervised  them- 
selves. The  producer  worked 
as  part  of  the  team,  chiefly 
to  see  that  his  equipment  was 
not   mistreated. 

Felling,  limbing, 
bunching,  and  bucking.  -  - 
Homelite  530  bow-type  chain 
saws  with  safety  guards  were 
used  exclusively  for  felling 
and  bucking.  Though  these 
are  rated  as  one-man  saws, 
the  producer  preferred  to  use 
2    men   per    saw.      The     felled 
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trees  were  limbed  and  topped  and  then  snaked  to  convenient  loading 
points  with  a  light  Ford  tractor.  They  were  bucked  at  the  loading  point. 
Unusually  heavy  or  long  trees  were  cut  in  two  before  being  bunched,  but 
care  was  taken  toassure  that  the  butt  section  would  buck  into  bolts  with- 
out  waste. 

Man-hours  for  felling,  limbing,  and  bucking  are  charted  in 
figure  9.  As  in  the  flatwoods,  man-hour  input  per  cord  decreased  with 
increases  in  tree  size  and  cut  per  acre.  But  while  the  pattern  was  the 
same,  3  times  as  many  man-hours  per  cord  were  required  to  produce 
bolts  in  the  hills  as  in  the  flatwoods.  The  difference  may  be  attributed 
to  variations  in  the  terrain  and  undergrowth,  attitude  toward  equipment, 
and  the  fact  that  2  men  were  used  per  saw.  Care  given  the  equipment 
was  reflected  in  the  fact  that  saw  costs  averaged  about  50  cents  per  cord, 
as  against    63    cents    in   the    flatwoods    operation. 

Time  required  for  bunching  decreased  with  increasing  cut  per 
acre.  Bunching  time  increased  as  number  of  trees  per  cord  declined, 
because  the  larger  trees  were  in  the  hollows  and  the  loading  points  were 
mainly  on  the  ridge  tops.      These  influences  were  strongest   for  cuts  be 
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low  5  cords  per  acre.  Be- 
cause bunching  was  a  1-man 
operation,  figure  10  can  be 
read  directly  for  both  man- 
and  tractor-hours.  Some 
factors  not  measured  in  this 
study  influence  bunching. 
Two  are  of  paramount  im- 
portance; the  relative  abun- 
dance of  feasible  loading 
points,  and  variations  in 
grade.  Campbell  found  that 
slopes  impair  the  efficiency 
of  small  tractors  (4). 

The  formula  for 
felling,  bucking,  and  limbing 
is: 


Y  =  5.  15  -  0.  08  C  -  0.  21 
R  =  0.  888 


CUT   PER   ACRE 
Figure   10. --Man-    or  machine-hours   per  cord 
for   bunching   hill    pine. 

SD 

N 


where:     C  =  cut  per  acre  in  standard  cords 

SD  _  Sum  of  the  tree  diameters  per  acre  divided  by  the 
N  number  of  trees. 

For  bunching,    the  formula  is: 

2.9 


Y  =  0.  24  -  0.  0024  C  -\ 
R  =  0.709 


N 


where:     C  =  Cut  per  acre  in  standard  cords 
N  =  Number  of  trees  cut  per  acre. 


LOADING  AND  HAULING 

From  plot  to  plot,  the  time  required  to  load  the  trucks  varied 
from  1.5  to  2.8  man-hours  per  cord.  The  average  for  all  plots  was  2 
man-hours.  The  variation  in  loading  time  between  plots  was  not  signifi- 
cantly related  to  any  of  the  measured  timber  characteristics.  One  would 
suspect  an  association  between  loading  man-hours  and  sticks  per  cord, 
but  none  was  found  despite  a  range  of  44  to  75  (average  55)  bolts  per 
cord.  Apparently  loading  from  windrows  minimizes  productivity  differ- 
ences   attributable    to    bolt    size. 
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Figure  11. - -Load ing  from  windrows  makes  it  easier  to  handle  big  bolts. 


20 


The  trucks  averaged  a  round-trip  speed  of  34.  7  m.p.h.  ,  or  0.013 
truck-hour  per  cord  per  round-trip  mile  on  graded  gravel  and  paved 
roads;  and  10.5  m.p.h.,  or  0.042  truck-hour  per  cord  per  round-trip 
mile  on  dirt  and  woods  roads  combined.  These  speeds  are  considerably 
better  than  the  25  m.  p.  h.  and  about  7  m.  p.  h.  reported  in  earlier  studies 
for  1-1/2-ton  trucks  on  comparable  roads  (3,  9).  Standby  time  in  loading 
was  one-third  truck-hour  per  cord.  Unloading  consumed  0.1  truck-hour 
per  cord  at  the  mechanized  yard  and  0.28  truck-hour  at  the  public  siding. 

As  with  loading,  differences  in  unloading  time  were  not  signifi- 
cantly associated  with  variations  in  average  bolt  size  per  cord.  Hand 
transfer  of  bolts  to  railcars  took  0.  59  man-hour  per  cord  as  against  0.  1 
man-hour  (standby  time  of  the  truckdriver)  at  the  woodyard.  The  data 
for  hand  unloading  appeared  essentially  the  same  as  those  reported  in 
earlier    studies    (3,    9,    10). 


COST  SUMMARY 

Production  costs  in  the  hills  may  be  compared  with  those  in  the 
flatwoods  by  recalling  the  imaginary  tract  on  which  20  trees,  averaging 
8  inches  d.  b.  h.  and  containing  2  cords,  have  been  marked  for  cutting  on 
each  acre.  Labor  is  again  $1  per  hour,  and  the  haul  is  20  miles  to  a 
mechanized  yard.  Machine  rates  are  different,  being  $3.50  per  hour  for 
the    tandems    and  $1    for    the    Ford  tractor. 


Dollars   per    cord 


FELLING,    BUCKING,    AND  LIMBING  (fig.    9): 


3. 3   man-hours  @   SI. 00                                                        3. 30 

Saw   use  .50 

BUNCHING   (fig.     10) : 

.4    tractor-hour  i   $1.00                                                           .40 

.4  man-hour  §   $1.00                                                           .40 

LOADING- 

2   man-hours  @   $1.00                                                        2.00 


HAULING: 


Loading  standby    -  . 33 

20  miles  x  .013    =  . 26 

Unloading    standby    =    . 10 

. 69    truck-hour  @  $3. 50  2.42 

.36   man-hour        @    $1.00  -36 

9.38 
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In  effect,  it  appears  to  take  over  $2  more  per  cord  to  produce 
pulpwood  in  the  hills  than  in  the  flatwoods.  The  biggest  item  of  differ- 
ence is  in  felling  and  bucking.  Variations  in  crew  organization,  equip- 
ment, and  men  account  for  some  of  the  extra  cost,  but  much  is  attribu- 
table to  the    more    difficult   terrain. 


MIXED  PINE-GUM 

The  hardwood  pulpmills  adjacent  to  the  Delta  rely  chiefly  on 
bottomland  gums  for  their  wood  supply,  but  purchase  gum  bolts  from  the 
uplands  as  well.  "Hill  gum"  is  especially  prized  when  high  water  makes 
the  bottoms  inoperable.  In  the  uplands,  gum  usually  occurs  as  occasion- 
al trees  in  the  minor  hollows.  To  keep  logging  costs  reasonable  the  pro- 
ducer strives  to  sweeten  his  cut  with  pine.  This  practice  is  possible  be- 
cause the  woodyard  routes  pine  bolts  to  kraft  mills  and  gum  to  hardwood 
plants. 

Mixed  pine-gum  pulpwooding  was  observed  near  Canton,  Missis- 
sippi. Twenty  plots  that  yielded  205  cords  were  cut  during  May  and 
June  of  1956.  The  mixtures  ranged  from  26  to  78  percent  gum  among 
the    plots,    averaging    about    50. 

Crew,  producer,  and  operating  methods  were  identical  with  those 
in  the  study  at  Carthage,  except  that  hauling  was  done  with  two  bobtail 
trucks  and  that  an  Oliver  O  C-3,  a  light  track-type  machine,  was  used 
for  bunching. 

Felling,  limbing,  bunching,  and  bucking.  --Because  the  gums  are 
found  in  dense  brush  at  the  bottoms  of  hollows,  they  take  an  extra  effort 
to  prepare  for  felling.  Accordingly,  the  data  showed  that  man-hour  re- 
quirements per  cord  rose  with  increases  in  the  proportion  of  gum  in  the 
cut  (fig.  12).  Beyond  this,  productivity  improved  as  cut  per  acre  and 
mean  tree    size    increased. 

The  trees  were  limbed  and  topped  where  they  fell,  and  then 
bunched  at  convenient  points  for  bucking  and  loading.  Because  the  gums 
were  farther  from  the  loading  points  than  pines,  there  was  a  slight  but 
significant  association  between  bunching  time  and  the  percent  of  gum  in 
the  cut.  For  practical  purposes,  however,  an  average  of  0.38  man-  and 
tractor-hour    per    cord    was    needed   for    bunching. 
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Figure    12. - -Man-hours   per   cord    for    felling,     limbing,    and    bucking   pine 
and   upland    gum. 

Figure   12  derives  from  the  formula: 

a  SD 

Y  =  5.  08  -  0.  08C  +  1.49G  -  0.  23  -^- 

R  =  0.  774 

where:     C  =  Cut  per  acre  in  standard  cords 
G  =  Percent  of  gum  in  the  cut 
SD  _  Sum  of  the  tree  diameters  per  acre  divided  by  the 
N  number  of  trees. 


LOADING  AND  HAULING 

The  2-ton  bobtail  trucks  averaged  about  3  cords  per  trip.  Load- 
ing the  bolts  took  1.5  to  2.6  man-hours,  and  averaged  2  man-hours.  As 
with  pure  pine,  the  variation  in  loading  time  between  plots  was  not  sig- 
nificantly associated  with  any  of  the  measured  timber  characteristics. 
The  number  of  bolts  per  cord  ranged  from  29  to  64,  averaging  47.  Al- 
though pines  and  gums  were  felled  in  order  of  occurrence,  the  bolts 
were    not   mixed   in   loading. 

The  trucks  averaged  20m.p.h.  round-trip  speed,  or  0.033 
truck-hour  per  cord  per  round-trip  mile  over  graded  gravel  and  paved 
roads.  Standby  time  for  loading  in  the  woods  was  0.49  truck-hour  per 
cord.  At  the  woodyard  0.  1  man-  and  truck-hour  per  cord  was  utilized 
to  spot  the  trucks  for  scaling  and  transfer  the  bolts  by  machine  to  rail 
cars. 
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BOTTOMLAND  GUM 

During  October  and  November  1955,  a  bottomland  operatior 
was  studied.  Crew,  equipment,  and  organization  were  the  same  as  ir. 
the  mixed  pine-gum  trial.  Twenty  plots  that  yielded  about  170  cords 
were  established  in  the  Pearl  River  bottom  near  Carthage,  Mississippi. 
Bolts  from  half  the  plots  were  delivered  to  a  public  rail  siding,  while 
the  rest  went   to    the    mechanized   yard  at   Canton. 

The  stand  contained  some  cherrybark,  cow,- and  other  oaks,  blue 
beech,  soft  maple,  and  white  elm,  but  most  of  the  volume  was  in  gum; 
and  only  gums- -mainly  sweet  and  tupelo  gum,  but  with  a  few  black- 
gums- -were  marked  for  cutting.  Many  of  the  marked  trees  had  rotten 
butts,  the  consequence  of  fire  damage.  The  larger  and  older  trees,  left 
over  from  the  virgin  stand,  often  had  top  rot  as  well.  In  general,  the 
timber  cut  was  typical  of  that  likely  to  be  offered  for  pulpwood  pro- 
duction in  southern  bottomland  forests  being  placed  under  management. 

Felling,  limbing,  bunching,  and  bucking.  --For  several  reasons, 
productivity  per  man-hour  spent  in  felling,  limbing,  and  bucking  was 
markedly  less  than  in  pine.  Mills  will  not  accept  bolts  with  rot,  holes, 
or  excessive  sweep- -defects  more  common  to  hardwood  than  pine. 
Jump-butting  was  frequent,  and  often  several  bucking  cuts  were  made 
before  clear  wood  was  reached.  In  the  tops,  crooks,  holes,  and  rot  had 
to  be  blocked  out.  The  power  saws  enabled  the  crews  to  make  bolts  that 
handsaw  men  would  have  passed  by. 

The    gums  also    hung    up    in  felling    with   greater    frequency   than 

pines  do,  and  thus  slowed  down  bunching  as  well  as  felling. 

i 

As  figure  13  shows,  cordwood  output  per  man-hour  increased 
rather  rapidly  until  cut  per  acre  reached  6  cords  and  then  stayed  about 
the  same.  Productivity  declined  with  larger  tree  sizes  (fewer  trees 
per  acre)  because  the  larger  and  older  trees  were  more  defective  than 
the  smaller  ones.  In  relatively  undamaged  gums  from  managed  stands 
productivity  would  probably  increase  with  tree  size,  as  it  did  on  the 
pine    and   the    pine- gum    plots. 

In  bunching,  man-  and  machine-hours  were  not  significantly 
associated  with  any  of  the  measured  timber  characteristics.  In  effect, 
the  average  of  0.4  man-  and  machine-hour  per  cord  is  the  best  estimate 
of  bunching  regardless  of  the  structure  of  the  cut  stand. 
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Figure    13. --Man-hours   per   cord    for    felling,     liBbing,    and    bucking    bottoi 
land   gum. 

The  formula  for  figure   13  is: 

Y  =  3.  58  -  0.  119C  +  0.  00444C2  +  -^-^ 

N 

R  =  0.745 

where:     C  =  Cut  per  acre  in  standard  cords 
N  =  Number  of  trees  cut  per  acre. 


LOADING  AND  HAULING 

While  the  trucks  averaged  3-cord  loads  in  the  hills,  the  rough 
off-the-road  conditions  in  the  bottoms  restricted  their  working  capacity 
to  2.  3  cords.  From  plot  to  plot  loading  time  ranged  from  0.  9  to  2.  2 
man-hours  per  cord,  and  averaged  1.  3.  The  variation  was  not  associ- 
ated with  the  measured  variables.  The  number  of  bolts  per  cord  ranged 
from    32    to    65,    averaging    50. 

The  difference  between  the  2  man-hours  per  cord  for  loading 
pine  and  pine-gum  and  the  1.3  man-hours  for  gum  is  primarily  due  to 
two  factors.  First,  the  3-cord  pine-gum  loads  required  raising  bolts  to 
a  greater  height,  at  a  greater  man-hour  effort  per  cord.  Second,  though 
green  pine  and  gum  weigh  about  the  same  per  cubic  foot,  the  greater 
taper  in  gum  bolts  means  less  wood  volume  per  cord,  a  reduction  only 
partly  compensated  for  by  the  larger  average  size  of  gum  bolts. 
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The  truck  averaged  24  m.  p.  h.  round-trip  speed,  or  0.  03 1  ia^r, 
truck-hour  per  cord  per  round-trip  mile  on  graded  gravel  and  pave 
roads  and  5.7  m.  p.  h.  or  0.153  truck-hour  per  cord  per  round-trip  mil 
on  dirt  and  woods  roads  combined.  Standby  time  for  loading  was  0. 
truck-hour  per  cord.  At  the  siding,  0.  3  truck-hour  and  0.  8  man-hou 
per  cord  were  required  to  hand-transfer    bolts    to    railcars. 
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The  plots  were  cut  during  dry  weather.  When  the  bottoms  softei 
and  water  lies  on  the  ground,  bunching,  loading,  and  other  costs  ari 
much  higher.  The  men  wade  in  to  fell  trees,  and  skid  rather  than  bund 
the  boles.  The  skidding  distance  is  determined  by  the  closest  groun 
that  will  support  a  truck  carrying  about  1  cord  of  pulpwood.  This  trucl 
is  then  driven  to  the  nearest  firm  ground  trafficable  for  a  capacity  load 


THE     WOODY/VRD 

The  paper  industry,  concerned  with  improving  labor  productivity 
and  making  pulpwooding  a  better  occupation,  has  in  recent  years  devel- 
oped the  system  of  mechanized  yards  for  coordinating  wood  deliveries 
to  mills.  Today  about  300  such  yards  are  in  operation  (7).  Their  chieJ 
but  not  their  only  virtue  is  that  they  relieve  producers  of  the  need  tc 
transfer    bolts    by   hand,    one    at    a    time,    from    trucks    to    railroad   cars.' 

The  yards  are  usually  located  in  favorable  freight  rate  zones 
and  stimulate  a  greater  volume  intake  than  is  usual  at  public  sidings. 
The  increased  volume  comes  from  two  sources:  First,  man-  and  truck-  ( 
hours  saved  by  professional  producers  are  used  to  cut  and  haul  more 
wood.  The  human  energy  conserved  by  the  yard  means  more  wood  witl 
less  sweat.  Second, wood  cut  by  farmers  and  other  part-time  operators; 
especially  lots  too  small  to  attract  professional  cutters,  is  now  entering 
the    pulpwood   market. 

While  equipment  varies  in  kind  and  capacity,    the  basic  yard  tool  , . 
is    a    machine  for    hoisting    bolts    from    the  incoming    trucks    and   placing     - 
them  on    rail  cars.      Hoists  vary   from    light    yardsters    to    heavy   mobile 
cranes.  Some  of  the  yards  have  equipment  for  steel- strapping  bolts  into 
bundles  for  storage  in  the  yard  when  cars  are  in  short  supply. 

In  this  study,  observations  were  taken  at  the  mechanized  yard  att ' 
Canton.      The  yard   has  a    mobile    crane    and    steel-strapping    equipment. 
It   loads    about   40,  000    cords    of   pine    and   gum    pulpwood   annually  from 
producers'    trucks    to    railroad   wood    racks. 

The  Mississippi  plots  yielded  about  440  cords  of  pine,  of  which 
185    were    man-handled   a    bolt   at   a  time  from  the    producer's    trucks  to 
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railroad  wood  racks  at  a 
public  siding.  The  remainder 
were  unloaded  at  the  Canton 
yard.  It  took  0.  6  man-hour 
per  cord  to  transfer  wood  by 
hand. 

Similarly,  270  cords 
of  gum  were  studied.  About 
180  cords  went  to  the  yard 
and  the  rest  to  a  public  siding. 
Gum  bolts  required  0.8  man- 
hour  per  cord  for  hand  trans- 
fer   to    wood   racks. 

To  the  unloading 
machine  at  the  woodyard  it 
made  no  difference  whether 
the  bolts  were  gum  or  pine. 
Tandems  and  bobtails  were 
serviced  at  a  cost  to  the  pro- 
ducer of  0.  1  man-hour  per 
cord.  This  was  the  time  ex- 
pended by  the  driver  in  spot- 
ting the  truck  for  scaling  and 
machine  transfer  of  bolts  to 
the  rail  car.  Turn-around 
time  was  0.  3  truck-hour  per 
cord  (either  pine  or  gum)  at 
the  siding  as  against  0.  1  at 
the  yard.  The  data  on  oper- 
ations at  the  Canton  woodyard 
were  substantially  the  same 
as  those  from  the  millyard  at 
Camden,    Arkansas. 

Only  the  driver  goes 
along  with  a  load  of  bolts 
headed  for  a  yard,  while  one 
or  more  men  must  accompany 
him  to  a  public  siding  to  help 
transfer  bolts  to  cars.  Thus 
for  every  man-hour  expended 
in  hauling  to  a  yard  at  least 
twice  as  many  are  required 
for  delivery  to  a  public  siding, 
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even  apart  from  the  actual  task  of  unloading  the  bolts.  The  savings  wi 
vary  with  hauling  distance.  In  general,  the  increased  efficiency  make 
it  feasible  to  haul  farther  to  a  woodyard  than  to  a  public  siding. 

Professional  pulpwood  cutters  are  not  the  only  beneficiaries  i 
woodyards.  Because  the  yard  will  buy  even  small  amounts  of  cordag 
anyone,  a  farmer  especially,  now  has  a  chance  at  the  pulpwood  marke 
Less-than-carload  lots  ordinarily  find  no  buyers  at  public  sidings, chiei 
ly  because  wood  dealers'  margins  do  not  provide  much  for  the  demurrag 
and  scaling  expenses  that  small-lot  transactions  tend  to  incur.  After  4 
hours  railroads  charge  demurrage  of  $3  per  day  for  four  days  and  $ 
per  day  thereafter  to  hold  a  car  at  a  siding.  The  dealer  finds  it  easie 
to  work  with  professional  cutters  exclusively,  not  only  because  they  fi 
a  car  in  the  allotted  time  but  also  because  mill  scale  serves  both  partie 
in  trading.  None  of  these  considerations  apply  to  yards,  where  the  woo 
is  scaled  on  the  spot,  payment  is  expedited,  and  demurrage  is  n 
problem. 
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Figure  14. --Even  snail  anounts  of  pulpwood  are  welcome  at  a  woodyard. 
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In  many  respects  the  woodyard  system  has  carried  the  mill- 
I^ard's  functions  and  advantages  out  into  the  farthest  reaches  of  pulp- 
jvood-producing  territory.  Thus  it  is  a  useful  innovation  for  making 
aulp wood  with  less  manpower.  Additional  innovations  are  needed  to 
:ake  more  of  the  grunt  and  groan  out  of  pulpwooding  and  make  it  a  more 
ittractive    occupation. 


THE     PROBLEM 

Busch  (2)  has  pointed  out  that,  until  recently,  getting  pulpwood 
produced  in  the  South  was  a  simple  matter  of  ordering  more  wood  when- 
ever the  demand  for  paper  products  increased.  Stumpage  was  cheap  and 
the  large  pool  of  rural  labor  worked  long  hours  at  low  wages.  These 
factors  were  instrumental  in  expanding  the  South' s  paper  mill  output  to 
60  percent  of   the    Nation's    total. 

In  the  meantime,  the  petrochemical,  textile,  aluminum,  and 
many  other  industries  discovered  the  South.  Rural  folk  migrated  to 
these  plants  as  well  as  to  paper  mills,  and  many  left  the  region.  Wages 
rose  and    woods    labor    became    scarce. 

Despite  many  improvements  in  efficiency, pulpwooding  manpower 
requirements  are  high.  The  typical  small,  lightly  stocked  woodland  is 
still  the  chief  source  of  stumpage.  The  average  professional  producer 
hires  between  5  and  10  men  and  probably  gets  out  less  than  1,  000  cords 
annually.  Some  mills  using  only  300,000  cords  yearly  deal  with  a 
thousand  producing    units    (1). 

The  number  of  professional  producers  extant  and  prospects  for 
increasing  them  do  not  appear  to  justify  the  expenditures  required  to 
engineer  highly  specialized  equipment.  The  producer  would  like  a 
machine  that  would  sell  for  practically  nothing, so  that  the  woods  worker 
could  afford  to  buy  it;  would  require  practically  no  maintenance,  run  at 
negligible  cost,  and  be  operable  by  inexperienced  men.  Equipment 
manufacturers  can  make  a  living  by  solving  simpler  problems.  The 
pulp  and  paper  industry  has  met  some  of  its  wood-procurement  difficul- 
ties by  aiding  forest  managers  to  grow  more  and  better  timber,  partici- 
pating in  development  of  pulp  chips  from  heavy  sawmill  residues,  and 
by  originating  the  woodyard  system.  And  the  industry  must  still  remain 
the    chief    source    of  innovations. 
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SOME  ALTERNATIVES 

Fundamentally,  the  industry's  problems  will  be  solved  not  by 
one  heroic  alternative  but  by  numerous  improvements  designed  to  fit 
specific    conditions. 
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Pulpwood  producers  can  be  conveniently  divided  into  three 
groups.  The  first  group  includes  chiefly  farmers  interested  in  cutting .  ...,,; 
only  a  few  cords  each  year,  either  from  their  own  woodlands  or  from  ...,. 
their  neighbors'.  A  second  group  would  include  producers  who  can 
make  a  good  living  by  operating  yearlong  with  a  2-  or  3-man  team  and 
the  usual  light  truck  and  power  saw.  The  third  group,  which  is  probably 
destined  to  be  the  mainstay  of  the  industry,  are  the  well-equipped  pro- 
ducers   operating    5-    to    10-man   crews. 


The  first  group  could  be  materially  encouraged  by  some  sort  of 
pick-up  and  delivery  system  for  bolts.  That  is,  a  palletized  trailer 
could  deliver  empty  pallets  to  the  farmstead  and  call  back  whenthey 
were  filled.  This  would  allow  farmers  to  use  their  own  saw  and  tractor 
or    mule. 

The  small  full-time  producers  could  be  aided  by  clinics  on  the 
care  and  maintenance  of  power  saws  and  the  construction  and  use  of 
inexpensive  power  take-offs  and  simple  pipe- stanchion  loaders  for 
heavy  bolts.  To  increase  the  number  of  large  producers,  it  should  be 
possible  to    help  able    members  of  this    group    expand   their    operations. 

For  the  professional  producers  who  can  run  a  big  operation,  the 

horizons  are  much   less  limited.      And  it    is  in  special  reference  to  this, 

I 
group    that   growers,    producers,    and   consumers  of   pulpwood    share    in 

the  problem  of   pulpwooding    with   less    manpower.      One    of    the    keys    to 

maintaining    the  competitive  position  of    the  paper  industry  is  having  an 

increasing  proportion  of  pulpwoodcut  by  professional  and  well-equipped. 

yearlong    operators. 

The  difficulty  of  procuring  stumpage  limits  the  number  of  large 
producers,  and  cuts  down  the  output  of  those  already  in  business.  The 
industry' s  conservation  foresters  are  of  considerable  help  in  this 
matter,  not  only  by  encouraging  landowners  to  grow  more  timber,  but 
also  in  promoting  partial  cuttings  where  needed.  Both  services  need  to 
be  greatly  expanded.  Because  tracts  and  volumes  in  partial  cuts  tend 
to  be  small, the  pulpwood  cutter  benefits  when  the  forester  can  schedule 
his  work  so  as  to  mark  a  number  of  tracts  within  a  reasonable  working 
area. 
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This  study,  in  common  with  others,  demonstrates  that  silvicul- 
tural  requirements  are  compatible  with  the  need  of  pulpwood  producers 
for  a  reasonable  cut  per  acre.  That  is,  the  ordinary  periodic  cuts  of  3 
to  5  cords  per  acre  involved  in  managing  reasonably  full  stands  do  not 
seriously  impair  labor  productivity.  But  when  foresters  find  it  neces- 
sary to  mark  as  little  as  one  cord  or  less  per  acre  they  should  offer 
l;such  cuts  to  part-time  producers  rather  than  impose  them  on  profes- 
sionals. In  modifying  marking  practices  to  serve  professional  pro- 
ducers,forest  managers  will  be  serving  their  own  interests  in  the  pulp- 
wood   market. 

Buying  pulpwood  by  weight  could  improve  current  as  well  as 
future  productivity.  Not  only  would  human  judgment  involved  in  scaling 
be  virtually  eliminated  but  the  time  required  of  both  buyer  and  seller 
would  be  shortened.  A  greater  volume  of  wood  could  be  handled  by 
fewer  people  in  yards  and  at  the  mills.  Buying  by  weight  would  also 
encourage  prompt  delivery  of  green  wood  to  the  mill,  which  is  ad- 
:  vantageous  from  the  standpoint  of  pulping  and  the  avoidance  of  fiber 
loss    from    insects    and   decay. 

Because  it  tends  to  take  into  account  differences  in  wood  density 
and  in  the  content  of  the  rough  cord,  weight  is  a  better  index  of  fiber 
yield  than  volume  is.  Too,  buying  by  weight  would  reward  the  forest 
manager  for  growing  older  and  denser  wood,  which  requires  fewer 
cords    per    ton   of  pulp. 

Even  under  ideal  conditions,  producers  still  face  the  task  of  ef- 
fectively mechanizing  the  job  of  picking  up  bolts  in  the  woods  and  getting 
them  on  a  truckbed.  The  development  of  light  loading  equipment  should 
be  considered.  As  a  long-run  proposition,  changing  the  bolt  length  to 
about  10-l/2feet  might  make  machine  development  much  more  feasible 
than  with  5-foot  bolts.  A  longer  bolt,  of  course,  would  involve  adjust- 
ments all  along  the  line  from  the  woods  to  the  chipper  at  the  mill.  To 
the  extent  that  increasing  acreages  are  handled  on  pulpwood  rotations, 
managed  clear-cutting  will  become  more  common,  and  mechanization 
will   be    easier    than   for    partial    cuttings. 

Pending  other  solutions,  pallets  appear  adaptable  to  more  cut- 
ting conditions  than  they  are  now  applied  to.  In  hills  and  broken  terrain 
boles  might  be  bunched  with  light  tractors  and  then  bucked  and  loaded 
on  pallets.  It  would  of  course  have  to  be  demonstrated  that  such  a 
combination  of  the  better  features  of  flatwoods  and  hill  methods  is 
feasible. 

The  industry's  improvements  in  paper  chemistry  and  mill  engi- 
neering over    the  years  have  reduced   relative  processing  costs    per  ton 
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of   pulp.     In   contrast,    relative    costs    of   procuring     wood   have    rise 
steadily.      The    same    positive    thinking    that   is    being  applied  to  pape: 
making  needs  to  be    directed   to  the  possibilities  of   pulpwooding    wit 
le ss  manpower.     If  it  is,    the  cutters  of   tomorrow   will    look  like  me 
from    Mars    to    those    of   today. 
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FIELD    PROCEDURES    FOR 
SOIL-SITE   CLASSIFICATION    OF   PINE   LAND 
IN   SOUTH   ARKANSAS    AND   NORTH   LOUISIANA 

Robert    Zahner 
Southern   Forest    Experiment    Station 


This  is  a  field  guide  for  classifying  pine  site 
quality  in  terms  of  soil  and  topographic  characteristics. 
It  is  based  on  studies  of  pine  growth  in  relation  to  soil 
type  in  south-central  Arkansas  and  north-central 
Louisiana.  1 

Basic  data  were  collected  from  pine  forests 
on  upland  Coastal  Plain  and  terrace  soils  within  rough- 
ly a  60-mile  radius  of  El  Dorado,  Arkansas  (fig.  1). 
The    guide    is    not   intended   for    use    outside    this    area. 

Most  sites  on  which  loblolly  and  shortleaf  pines 
naturally  occur  can  be  classified  by  the  system  out- 
lined. The  method  is  not  applicable,  however,  to  flood- 
plains  of  major  streams,  loess  deposits,  or  prairie 
soils,    even  within  the  region  studied. 


1      For    the   technical    aspects   of    this   work,    see: 

Zahner,  R.  Site-quality  relationships  of  pine  forests  in 
south  Arkansas  and  north  Louisiana.  Forest  Science  3: 
(in  press). 


FACTORS    AFFECTING    SITE    QUALITY 

The  classification  system  is  based  on  the  re- 
lationship between  site  index  (i.  e.  ,  height  in  feet  of 
dominant  trees  in  fully  stocked  stands  at  age  50  years) 
and  permanent  features  of  the  soil  and  topography. 
These  features  must  be  recognized  and  mapped,  then 
converted   to    units    of    site    quality. 

Three  site  factors  affect  site  index:  (1)  thick- 
ness or  texture  of  the  surface  soil,  (2)  texture  of  the 
subsoil,    and   (3)    slope. 

Some  soils  exhibit  strong  horizon  development, 
where  the  surface  layer  is  distinctly  different  from  the 
lower  layers.  Such  soils  are  called  "zonal."  The 
surface  soil  is  grey  and  sandy,  while  subsoils  are 
brown,  red,  or  yellow,  and  contain  more  clay.  The 
change  from  one  layer  to  the  next  is  rather  abrupt, 
with  a  transition  zone  of  one  to  three  inches.  Zonal 
soils  occupy  most  of  the  slopes  and  ridges  of  the  roll- 
ing Coastal  Plain  uplands,  and  may  occasionally  be 
found  on  terraces  and  other  level  areas. 

Other  soils  have  poor  horizon  development, 
and  are  called  "azonal.  "  Their  profiles  exhibit  no 
distinguishable  line  between  the  surface  soil  and  the 
subsoil.  Azonal  soils  are  characteristic  of  level 
terraces  and  upland  flatwoods,  and  are  rarely  found 
on    slopes    over    5   percent. 

The  thickness  of  the  surface  layer  is  useful  in 
estimating  site  quality  of  zonal  soils.  But  on  azonal 
soils  this  layer  gradually  blends  into  the  subsoil  and 
its    thickness     cannot    be    accurately    measured.     The 


texture  of   the  surface  layer  is  therefore  used   instead 
to    estimate    site    on   azonal    soils. 

On  both  zonal  and  azonal  soils,  subsoil  texture 
and  percent  of  slope  are  necessary  measurements  for 
site    estimates. 

Soil  textural  characteristics  are  defined  in 
some  detail  in  the  Appendix.  The  reader  should 
familiarize  himself  with  this  material  before  attempt- 
ing   field   application. 

Root  growth  and  development  of  loblolly  and 
shortleaf  pines  are  largely  regulated  by  the  soil 
moisture  and  soil  aeration  of  a  site.  When  moisture 
is  deficient,  growth  slows  or  ceases.  When  aeration 
is  inadequate  (often  when  moisture  is  in  excess)  roots 
do  not  permeate  the  soil  to  take  advantage  of  all  the 
stored   moisture. 

In  zonal  soils  the  surface  layer  is  usually  well 
aerated.  Its  thickness  reflects  the  amount  of  space 
roots  occupy  above  the  subsoil.  When  the  subsoil  is 
shallow, roots  do  not  have  space  for  adequate  develop- 
ment. When  the  surface  soil  is  very  thick,  the 
moisture-holding  subsoil  is  partly  out  of  reach. 
Eighteen  inches  seems  to  be  the  optimum  thickness  of 
surface  soil  for  good  pine  growth  (fig.    2A). 

In  azonal  soils,  the  surface  soil  is  not  always 
well  aerated.  The  finer  the  texture  the  poorer  is  the 
root  development.  Surface  soils  of  low  silt  content 
are  better  sites  than  those  of  high  silt  content  (fig.  2B). 

The  subsoil  in  all  soils  plays  an  important  role 
in  supplying  stored   moisture  to  the  forest.      The  finer 
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Figure   2. --How    soil    and    topographic    factors   affect    site 
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Figure   2. -- (continued) . 
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the  texture  of  the  subsoil,  the  better  is  the  moisture- 
holding  capacity.  At  the  same  time,  however,  the 
poorer  is  the  aeration.  Therefore,  as  might  be  ex- 
pected, the  best  sites  are  on  subsoils  with  intermedi- 
ate texture,  where  moisture  is  adequate  and  aeration 
not    limiting    (fig.    2C). 

Topography  also  helps  to  regulate  the  moisture 
and  aeration  regimes  of  a  site.  In  general,  moisture 
conditions  become  more  favorable  for  growth  as  the 
site  changes  from  steep  slopes  and  ridges  to  gentle 
slopes  and  terraces,  while  well-drained  small  stream 
floodplains    offer    the    most    favorable    conditions. 

As  a  rule, site  index  increases  with  decreasing 
slopes  (fig.  2D).  The  one  exception  is  the  poorly 
drained  upland  flat,  which  is  not  well  aerated  and  con- 
sequently  not    so   favorable  a  site  as    a   gentle      slope. 


HOW    TO    MEASURE    SITE    FACTORS 

A  soil  auger  is  all  the  equipment  necessary  to 
measure  the  soil  factors  at  any  one  location.  The  soil 
should  be  moist,  but  not  wet,  for  adequate  sampling. 
It  is  difficult  to  obtain  accurate  information  from  dry 
soil.  Soil  conditions  are  usually  best  for  sampling  in 
winter,  spring,  and  early  summer- -except  immediate- 
ly  after    heavy   rains. 


SOIL   SAMPLING  PROCEDURE 

A   preliminary   boring    with   the  auger  will   tell 
the  investigator    whether   the  soil   is    zonal    or    azonal. 


If  zonal,  a  definite  horizon  change  will  indicate  the 
depth  of  the  surface  soil.  If  azonal.the  soil  will  mere- 
ly become  progressively  heavier  in  texture  as  the 
auger    goes    deeper. 

Procedures  are  modified  to  conform  to  horizon 
development.  In  zonal  soils, of  course, the  thickness  of 
the  surface  soil  is  measured  from  the  ground  surface 
down  to  the  first  major  change  in  soil  color  and  tex- 
ture, or  to  the  topmost  subsoil  layer  (fig.  3A).  This 
is  not  necessarily  the  least  permeable  layer.  Next, the 
textural  grade  of   the  subsoil    is  determined  at   a  point 
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Figure   3. --Summary   of    field   procedures    for   classifying 
sites. 
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well  within  the  subsoil.  If  there  is  only  one  obvious 
subsoil  layer,  the  texture  determination  is  made 
about  6  inches  into  this  layer.  If  there  are  several 
subsoil  layers,  the  determination  is  made  in  that  with 
the  highest  clay  content,  or  the  least  permeable  ho- 
rizon. The  Appendix  gives  details  of  texture  recog- 
nition. 

If  the  profile  development  is  azonal,  two 
texture  determinations  are  necessary,  one  for  the 
surface  soil  and  one  for  the  subsoil.  Because  the 
transition  between  the  two  layers  is  indistinct,  the 
surface  soil  determination  is  arbitrarily  made  at  a 
depth  of  6  inches,  the  subsoil  at  a  depth  of  24  inches 
(fig.    3B). 


RECOGNITION  OF  SLOPE 

In  classifying  the  general  slope  of  a  site,  topo- 
graphic position  and  surface  drainage  should  be  taken 
into  account.  Slope  classes  are  broad  in  the  zonal 
group:  1-5,  6-10,  and  11-15  percent.  While  it  is  not 
practical  to  measure  the  slope  carefully  at  each  samp- 
ling point,  an  Abney  level  should  be  used  periodically 
to  check  ocular  estimates.  It  is  usually  quite  simple 
to  determine  a  slope  class  with  the  aid  of  general  land 
features,    as  those  depicted  in  figure  2D. 

In  the  azonal  group,  slope  classes  are  narrow, 
and  more  judgment  is  required  to  classify  slope. 
Relatively  minute  changes  in  drainage  have  a  large 
effect  on  site,  and  a  hand  level  should  probably  be 
used.  Perfectly  flat  areas  of  poor  surface  drainage, 
where  water    stands    after    heavy   rains,    make    up    one 


class.  Slope  percent  here  is  zero.  A  second  class  is 
made  up  of  flatwoods  and  terrace  areas  of  imperfect 
surface  drainage,  exhibiting  gentle  slopes  of  1  to  2 
percent.  Where  topography  is  more  rolling,  definitely 
not  flatwoods  or  terrace,  a  third  class  is  recognized. 
Surface  drainage  is  good  in  this  class,  with  slopes  of 
3  to  5  percent  generally  prevailing. 


RECORDING  DATA 

In  field  application,  a  system  of  coding  site 
variables  is  usually  employed.  Soils  and  topography 
are  inspected  at  sampling  points, and  areas  of  uniform 
characteristics  are  delineated.  It  is  desirable  to  have 
as  simple  a  record  as  possible, yet  one  that  adequate- 
ly  describes    field   conditions. 

When  soil  texture  is  identified  in  the  field,  it 
is  simple  to  record  its  abbreviated  form: 

S  =  sand  LtC  =  light  clay   (up  to  50 

LS  =  loamy  sand                                            percent    clay) 

SL  =  sandy   loam  HC  =  heavy  clay    (over  50 

SCL  =  sandy  clay  loam                                  percent    clay) 

L  -  loam  SiC  =  silty  clay 

CL  =  clay  loam  SiCL  =   silty  clay   Ioe 

SC  =  sandy  clay  SiL  =   silt   loam 

Si  =   silt 


a  am 


Soil  thickness  and  slope  percent  can  readily  be 
coded  as  they  are  found;  for  example,  "  16"  could  mean 
a  surface  soil  1  6  inches  thick, and  "4"  could  mean  a  4- 
percent  slope.  Their  positions  in  the  coding  symbol 
prevent    the    two   measurements  from    being  confused. 

It  is  logical  to  place  surface  soil  character- 
istics over  subsoil  characteristics,    as  the  numerator 
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12 
and   denominator    of   a    fraction.       Thus   757,    means    12 

inches  of  surface  soil  overlying  a  heavy  clay  subsoil. 
Because  the  presence  of  the  figure  "  1  2"  indicates  that 
the  soil  is  zonal,  direct  reference  to  zonal  or  azonal 
is  unnecessary.  When  slope  class  is  added,  the  sym- 
bol   becomes  -L=.     1-5,    if  the   slope  is  generally    1    to    5 

HC 
percent. 


The  symbol  ~,~  0  means  silt  loam  surface  soil 
7  SiC 

underlain  by  a  silty  clay  subsoil.  The  soil  is  azonal, 
because  texture  instead  of  thickness  is  given  in  the 
numerator.  The  "0"  indicates  that  the  site  is  a  poorly 
drained   flat   area. 


HOW    TO    ESTIMATE    SITE    INDEX 

When  soil  measurements  have  been  made  and 
recorded,  loblolly  pine  sites  on  zonal  soils  can  be 
estimated  from  table  1,  loblolly  pine  sites  on  azonal 
soils  from  table  2,  and  shortleaf  pine  sites  on  zonal 
soils    from    table   3.   2 

The  tables  give  values  of  site  index  for  simple 

classes  of  soil  thickness  and  texture  and  of  slope  per- 

18 
cent.    For  example, a  site  classified  as  -^r*T     1-5  would 

have  a  site  index  of  90  for  loblolly  pine  (table   1)  and  82 

for  shortleaf  pine  (table  3).    A  site  classified  as  — .  _  0 

r  SiC 

would  have  a  site  index  of  69  for  loblolly  pine  (table  2). 

Shortleaf  pine  is  an  infrequent  associate  of 
loblolly   pine    on   azonal    soils,    and   its    index   on    such 


2  The  standard  errors  of  the  regression  estimates  on  which  tables 
1,  2,  and  3  were  based  are  +  4.5,  ±  3.5,  ±  3.0,  respectively. 
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Table    1. --Site    index   of    loblolly  pine   on    zonal   upland   soils 


Slope 

n, 

ickness 

of    surface    soil 

grade    of 

6 

12 

18 

24 

30 

subsoil 

inches 

inches 

inches 

inches 

inches 

Percent 

Sire   index 

Loam 

(10-20   percent 

clay) 

1-5 

6-10 

11-15 

74 
70 
67 

81 

77 
74 

84 
80 
76 

82 
78 

74 

75 
72 
68 

Sandy    clay    loam 
(20-30    percent    clay) 

1-5 

6-10 

11-15 

81 

77 
73 

87 
84 
80 

90 
86 
83 

88 
84 
81 

82 

78 
74 

CI  ay    loam 

(  30-40    percent 

cl  ay) 

1-5 

6-10 

11-15 

80 
76 
72 

87 
83 
79 

89 
86 
82 

87 
84 
80 

81 
77 
73 

Light    clay 

and    sandy    clay 

(40-50    percent 

clay) 

1-5 

6-10 

11-15 

76 
72 
68 

83 
79 

75 

85 
82 
78 

83 
80 
76 

77 
73 
69 

Heavy    clay 
(over    50    percent 
cl  ay ) 

1-5 

6-10 

11-15 

72 
69 
65 

79 
75 
72 

82 
78 
74 

80 
76 
72 

73 
70 
66 

Table    2. --Site    index    of    loblolly   pine    on    azonal    upland    soils 


Textural 

Slope 

Textural 

prrade    of    surface    soil 

grade    of 

Sandy 

Loam 

Silt 

subsoil 

1  oam 

loam 

Percent 

.... 

Site    index 

-    -    -     - 

Sandy   loam   to 
sandy   clay    loam 
(30-50    percent    silt- 
plus-  clay) 

0 
2 
4 

80 
87 
81 

73 
79 

74 

(l) 

Loam    to    clay    loam 
(50-70    percent    silt- 
plus-clay) 

0 
2 
4 

90 
96 
91 

85 
91 
86 

Clay 

(70-80    percent    silt- 
pi  us-clay ) 

0 
2 
4 

86 
92 
86 

82 
89 
83 

79 
85 
80 

Silty    clay    loam 
to    silty   clay 
(Over    80    percent 
sil t-p lus-c lay) 

0 
2 
4 

70 
77 
71 

69 

75 
70 

The   blank    spaces    indicate   combinations   of    surface    silt    and    subsoil    silt- 
plus-clay    that   do   not    occur    in  nature. 
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Table    3. --Site    index    of   short  leaf  pine   on    zonal    upland   soil: 


Text ural 

SI  ope 

Thickness  of  surface  soil 

grade  of 
subsoil 

6 
inches 

.  12 
inches 

18 
inches 

24 
inches 

30 
inches 

Percent  ..... 

Loam  1-5  71  76 

(10-20    percent  6-10  64  69 

clay)  11-15  62  67 

Silty    clay    loam  1-5  75  80 

(20-30   percent  6-10  67  72 

clay)  11-15  66  71 

Clay    loam  1-5  76  81 

(30-40    percent  6-10  69  74 

clay)  11-15  67  72 

Light    clay  1-5  75  80 

(40-50    percent  6-10  67  73 

clay)  11-  15  66  71 

Heavy    clay  1-5  71  76 

(Over    50   percent  6-10  64  69 

clay)  11-15  62  67 


Site    index 

78 
71 
69 

82 
75 
73 

83 
76 

74 

82 
75 
73 

78 
71 
70 


77 
70 
69 

81 
74 
72 

82 

75 
74 

81 

74 
72 

78 
70 
69 


74 
66 
65 

77 
70 
68 

78 
71 
70 

77 
70 
68 

74 
66 
65 


sites  is  considered  unim- 
portant. The  relationship 
between  the  two  species  on 
all  sites,  zonal  and  azonal, 
where  they  occur  in  mixed 
stands,  is  given  in  figure  4. 
This  r  e  1  a  t  i  o  n  s  hi  p  may- 
prove  useful  in  estimating 
the  site  index  of  one  species 
from    that   of   the     other. 

The  tables  are  not 
intendedfor  bottomland 
soils.  Floodplains  of 
minor  streams  are  superior 
loblolly  pine  sites  in  the 
region  studied.  Usually 
such  bottoms  can  be  safely 

classified   as  site  95  or  better.     The  floodplains  of 

major     streams     usually    have    no    pine. 


o75_ 


65  70  75  60  85  90 

SHORTLEflF    PINE    SITE    INDEX  (FEET) 

Figure  4. --Relationship  be- 
tween the  site  indices  of 
loblolly  and  shortleaf  pines 
in    mixed    stands. 
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MAPPING  FOR  SITE  QUALITY 

The  size  of  the  area  to  be  mapped  will  of 
course  regulate  the  sampling  procedure.  A  small 
abandoned  field  of  five  acres,  for  example,  may  be 
adequately  sampled  by  8  or  10  sampling  points  scat- 
tered over  the  area.  A  40-acre  tract  can  probably  be 
intensively  mapped  by  sampling  at  two- chain  inter- 
vals along  cruise  lines  four  chains  apart;  this  inten- 
sity will  give  40  systematically  spaced  samples,  or 
one  per  acre.  Larger  areas  can  be  adequately  sampled 
with  a  somewhat  smaller  number  of  borings  per  acre, 
depending  on  the  accuracy  required. 

A  soils  map  is  usually  first  made  of  the  area 
to  be  classified.  The  field  cruise  provides  all  the  in- 
formation necessary  for  site-quality  estimates.  As  an 
example,  figure  5A  shows  a  40-acre  tract  that  has 
been  mapped  for  soils  and  slope.  Figure  5B  then  fol- 
lows as  a  loblolly  pine  site-class  map.  It  was  made  by 
using  tables  1  and  2  to  convert  the  data  on  the  soils 
map. 


==          ■ 

90               liv.fo: 

l::SlTE^80:;i:;M 

SITE  70 

/:':'///.''''.'\'.:'.f        EE 

fe&V&^SlTE 

90E 

A.    SOILS  MAP  B.    SITE   CLASS   MAP 

Figure   5. --How   a    soils    map   can    be    transformed    into   a 
site-class   map    for    loblolly   pine. 
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LIMITATIONS 

It  should  be  kept  in  mind  that  the  system  de- 
scribed in  this  paper  gives  site  estimates  for  average 
pine  stands  receiving  average  treatment.  Actually, 
site  index  is  modified  by  many  influences  that  operate 
throughout  the  life  of  a  stand:  the  genetic  background 
of  the  trees,  cycles  of  wet  and  dry  weather,  grazing, 
fire,    logging,    ice,    insects,    and  many  others. 


SUMMARY    OF    FIELD    PROCEDURES 

This  paper  shows  how  site  index  may  be  esti- 
mated for  loblolly  and  shortleaf  pines  in  the  upland 
Coastal  Plain  of  south  Arkansas  and  north  Louisiana. 
Classification  is  based  on  permanent  and  mappable 
features  of  soil  and  topography.  At  each  sampling 
point  on  an  area  to  be  classified,  the  procedure  is  as 
follows: 

1.  Check  horizon  development  to  determine 
whether  soil  is  zonal  or  azonal. 

2.  If  the  soil  is  zonal,  measure  average 
thickness  of  surface  soil  within  a  6-inch 
class;  if  azonal,  determine  textural  grade 
of  surface  soil  at  a  depth  of  about  6  inches. 

3.  Determine  textural  grade  of  subsoil.  In 
zonal  soils,  avoid  the  transition  between 
surface  soil  and  subsoil  by  making  the 
determination  at  least  6  inches  into  the 
subsoil.  On  azonal  soils, assume  that  the 
24-inch  depth  is  the  subsoil  and  make 
determination  there. 
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4.  Measure  the  average  slope  of  the  site.  If 
soil  is  zonal, measure  within  a  5-percent 
class;  if  azonal,  determine  whether  slope 
is  zero,  slight  (2  percent),  or  moderate 
(4  percent). 

5.  Record  this  data  symbolically, by  placing 
the  surface  soil  characteristic  over  the 
subsoil  characteristic, and  following  with 
the    slope    class. 

6.  Transform  the  coded  data  of  each  samp- 
ling point  into  estimated  site  index  by 
means  of  tables   1,     2,     and   3. 
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APPENDIX 

Soil  texture  refers  to  the  relative  proportions  of 
sand,  silt,  and  clay  particles  which  make  up  the  soil  mass. 
Figure  6  shows  the  percentages  of  these  soil  fractions  in  the 
basic  textural  grades,  definitions  and  discussion  of  this 
subject  may  be  found  in  the  Soil  Survey  Manual  (Agriculture 
Handbook    18,    U.S.    Department   of   Agriculture,    503  pp.,     1951). 


Soil  texture  can  be  found  exactly  in  a  laboratory 
analysis.  It  can  also  be  adequately  classified  in  the  field, 
after  some  experience,  by  sight  and  feel.  On  the  opposite 
page  is  a  key  to  the  important  textural  grades.  The  first 
three--sandy  loam,  loam,  and  silt  loam- -are  common  surface 
soils,    and   may   occur    as    subsoils.      The    rest    are    subsoils. 


CLAY 
(Percent 


Figure  6. --Textural  classification  of  soils. 
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DICH0T0M0L1S  KEY  FOR 
FIELD  IDENTIFICATION  OF  SOIL  TEXTURE 


SOIL,    WHEN  PINCHED  BETWEEN  THE  THUMB  AND  FINGER,    CRUMBLES,    WILL 
FORM  NO    'RIBBON.  ' 

B.   SOIL,  SQUEEZED  IN  HAND  WHEN  DRY,  FALLS  APART  READILY; 
SQUEEZED  WHEN  MOIST,  FORMS  A  CAST  THAT  BREAKS  IF  NOT 
HANDLED  VERY  CAREFULLY.   INDIVIDUAL  SAND  GRAINS  CAN  BE 
READILY  SEEN  AND  FELT SANDY  LOAM. 

B.   SOIL,  SQUEEZED  IN  HAND  WHEN  DRY,  FORMS  CAST  THAT  BEARS 
CAREFUL  HANDLING;  SQUEEZED  WHEN  MOIST,  FORMS  A  CAST  THAT 
CAN  BE  HANDLED  QUITE  FREELY  WITHOUT  BREAKING.   SOIL  SMOOTH, 
SAND  GRAINS  NOT  READILY  EVIDENT. 

C.  SOIL  SLIGHTLY  PLASTIC  WHEN  MOIST,  BUT  NOT  GREASY. 
GRITTY  WHEN  DRY,  NOT  FLOURY.  COLOR  BROWN  OR  DARK 
GREY LOAM. 

C.    SOIL    GREASY    WHEN    MOIST,     FLOURY    WHEN    DRY.        ON    WETTING 
IT    RUNS     TOGETHER    AND    PUDDLES.        COLOR    LIGHT    GREY    TO 
NEARLY    WHITE SILT  LOAM. 

SOIL,    WHEN  PINCHED  BETWEEN  THE  THUMB  AND  FINGER,    FORMS  A 
'RIBBON,  '   AT  LEAST  BARELY  SUSTAINING  ITS  OWN   WEIGHT. 

D.      RIBBON    BREAKS    EASILY,     BARELY    SUSTAINS    OWN    WEIGHT. 

E.    INDIVIDUAL     SAND    GRAINS    CAN    READILY    BE    SEEN    AND    FELT. 
MOIST    SOIL    FRIABLE.        COLOR    USUALLY    BROWNISH     YELLOW    TO 
BROWNISH    RED SANDY    CLAY    LOAM. 

E.    SOIL     SMOOTH,     SAND    GRAINS    NOT    EVIDENT.        MOIST    SOIL     SOME- 
WHAT   PLASTIC. 

F.     Soil    heavy   and    greasy  when   moist.      Color   dull    grey,    some- 
times   containing    iron   concretions....    SILTY    CLAY    LOAM. 

F.     Soil   mellow  and    loose   when   moist.      Color   usually  yellowish 
brown   to   reddish  brown CLAY    LOAM. 

D.      RIBBON    IS    LONG   AND   FLEXIBLE,     STRONG. 

C.    INDIVIDUAL     SAND    GRAINS    CAN    READILY    BE    SEEN    AND    FELT. 
MOIST    SOIL     SOMEWHAT    FRIABLE.        COLOR    USUALLY    BRIGHT    RED 
OR    YELLOW SANDY    CLAY. 

C.    SAND    NOT    EVIDENT.        MOIST    SOIL    PLASTIC. 

H       Color   usually    grey,    sometimes    containing   iron   con- 
cretions     SILTY    CLAY. 

H.     Color   usually  dark    red,    often  mottled  with    grey  or 

yel  low CLAY. 
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FORESTER'S  GUIDE  TO  AERIAL  PHOTO  INTERPRETATION 

Gene  Avery 
Southern  Forest  Experiment   Station 


This  guide  is  intended  as  a  practical  reference  on  techniques  of 
aerial  photo  interpretation  in  forest  inventory.  It  is  written  for  the 
forester  with  a  casual  knowledge  of  aerial  photography.  No  attempt  is 
made  to  cover  complex  subjects  like  topographic  mapping  or  operation 
of  expensive  stereo-plotting  instruments.  Although  single  prints  are 
occasionally  useful,  emphasis  is  on  stereoscopic  interpretation  of 
vertical  aerial  photographs  available  from  various  agencies  of  the 
U.  S.  Department  of  Agriculture  (USDA).  Southern  forest  conditions 
are  stressed,  but  the  basic  techniques  are  applicable  in  most  of  the 
United  States. 

With  a  minimum  of  training,  the  forester  can  use  photos  to  de- 
termine bearings  and  distances,  identify  broad  forest  types,  and 
measure  areas.  Additional  experience  will  enable  him  to  improve  the 
efficiency  of  timber  cruising  by  distributing  field  samples  on  the  basis 
of  photo  classifications.  In  some  instances,  he  may  even  be  able  to 
estimate  timber  volumes  directly  from  the  photographs. 

While  photo  interpretation  may  make  the  forester's  job  easier, 
it  has  limitations.  Accurate  measurements  of  such  items  as  tree  di- 
ameter, form  class,  and  stem  defect  are  possible  only  on  the  ground. 
Aerial  photographs  are  best  employed  to  complement,  improve,  or  re- 
duce field  work   rather   than  take   its   place. 


Figure  1. --Nomenclature  of  an  aerial  stereo-pair,  reduced  from  9-  by  9- inch  contact 
prints.  The  lower  photo  is  the  southernmost  print  in  the  flight  line,  as  evidenced 
by  the  time  of  day  shown.  Note  that  the  principal  point  (FP)  of  one  photo  coincides 
with  the  conjugate  principal  point  (CPP)  of  the  other.  The  flight  line  connects  these 
points  on  each  print. 

The  section  line  AB  near  the  center  furnishes  a  check  of  photo  scale.   Assuming 
the  ground  distance  to  be  one  mile  and  the  photo  measure  on  the  contact  print  3.28 

0  273       1 

inches  (0.273  foot),  the  RF  (natural  scale)  would  be      '   =  

V  ;  V  5280.0    19,340 
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OBTAINING  AERIAL  PHOTOGRAPHY 

Users  of  this  guide  will  ordinarily  rely  on  prints  of  existent  photography 
flown  for  other  agencies.      Thus  there  is  no  need  here  to  discuss  specifications 
for  new  aerial  photography.      Details  of  flight  planning  and  photographic  con- 
tracts are  adequately  covered  in  the  Manual  of  Photogrammetry  (1).  —I 

Sources   of  aerial   photography.  -  -Almost  all  of  the  United  States  has  been 
photographed  one  or  more  times  in  recent  years  for  various  agencies  of  the 
U.    S.    Government.      The  basic  key  to  such  photography  is  available  free  in  map 
form  as  the  "Status  of  Aerial  Photography  in  the  U.    S.  "     Current  copies    may 
be  obtained  by  writing  to; 

Map  Information  Office 

U.    S.    Department  of  the  Interior 

Geological  Survey 

Washington  25,    D.    C. 

This  map  depicts  all  areas  of  the  U.    S.  ,    by  counties,    which  have  been 
photographed  by  or  for  the  following  agencies:     Commodity  Stabilization 
Service,    Soil  Conservation  Service,    Forest  Service,    Geological  Survey,    Corps 
of  Engineers,    Air  Force,    Coast  and  Geodetic  Survey,    and  commercial  agencies, 
Names  and  addresses  of  agencies  holding  the  negatives  for  such  photography 
are  printed  on  the  back  of  the  map,    so  that  inquiries  can  be  sent  directly  to  the 
appropriate  agency.      There  is  no  central  laboratory  that  can  furnish  prints  of 
all  government  photography. 

The  agency  holding  the  largest  share  of  recent  aerial  photography  is  the 
Commodity  Stabilization  Service  (CSS)  of  the  Department  of  Agriculture.      This 
is  the  same  agency  formerly  known  as  the  Agricultural  Adjustment  Adminis- 
tration (AAA)  and  the  Production  and  Marketing  Administration  (PMA).      Tech- 
niques in  this  guide  are  directed  primarily  toward  this  inexpensive,    available 
photography. 

Large  forest  industries  often  have  private  aerial  surveys  made  of  their 
lands,    and  small  ownerships  adjacent  to  or  within  such  areas  may  be  included. 
Thus  by  checking  with  local  lumber  and  pulp  and  paper  companies,    the  forester 
may  find  that  ideal  photography  of  bordering  areas  is  available.      The  aerial 
mapping  company  usually  retains  the  negatives  and  must  have  the  written  per- 
mission of  the  original  purchaser  before  it  can  sell  prints. 

Films,    season,    and  date  of  photography .- -Two  types  of  black-and-white 
aerial  film  are  in  common  use:  panchromatic  and  infrared.     Panchromatic 
photography  offers  better  resolution  and  lighter  shadows,    but  exhibits  little 


1/     Underscored  numbers  in  parentheses  refer  to  Literature     Cited,    p.   40. 


tonal  contrast  among  different  forest  types.      Modified  infrared—'   photography 
presents  a  maximum  of  contrast  between  pines  and  hardwoods,    but  wet  sites 
and  shadows  register  in  black,    thus  restricting  interpretation.      Where  a 
choice  is  available,    most  foresters  select  infrared  photography  because  of 
easier  forest  type  separations  (fig.    2). 
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Figure  2. --Modified  infrared  (left)  and  panchromatic  photography  of  the  same  area.   Easily 
distinguished  in  the  lef.t  photo  are  hardwood  saplings  (A),  pine  saplings  (B),  hardwood  saw- 
timber  (C),  pine-hardwood  poles  (D),  and  pine  sawtimber  (E).   Scale:   approximately  four 
inches  per  mile.   Photographs  courtesy  of  The  Crossett  Company. 


Either  kind  of  photography  is  preferably  taken  during  the  growing 
season,    so  that  reliable  photo  measurements  are  possible  for  deciduous 
species.     Infrared  usually  meets  this  requirement,    as  it  is  likely  to  be  flown 
specifically  for  forestry  purposes.     Most  available  panchromatic  photography 
in  the  South  has  been  taken  in  winter.      Pines  can  be  distinguished  from  hard- 
woods on  these  photos,    but  interpretation  of  hardwood  stand- sizes  is  difficult 
(fig.    8,    p.    12).     Modified  infrared  photography  is  occasionally  available  for 
tracts  near  large  forest  ownerships  or  national  forests,    but  most  interpreters 
are  limited  to  the  common  USDA  panchromatic  photography. 

If  there  is  a  choice  between  photography  of  different  dates,    it  is  best 
to  give  prime  consideration  to  the  most  recent.     In  the  South,    rapid  growth 
and  frequent  cutting  make     photos  more  than  five  years  old  of  questionable 
value  for  interpretation. 


2/     Modified  infrared  photography  employs  a  filter,    usually  of  a  minus-blue 
type,    to  reduce  extreme  contrast  and  improve  image  resolution. 
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Photo  scales  and  enlargements .  --Available  aerial  photographs  range  in 
nominal  scale  from  about  1:12,  000  to  1:20,  000.      Contact  prints  are  standard- 
ized at  the  9-  by  9-inch  size.      Forest  industries  often  contract  for  photography 
at  1:15,  840  (four  inches  per  mile),    but  few  extensive  areas  in  the  eastern 
U.    S.    have  been  photographed  at  scales  as  large  as   1:12,  000. 

USDA  photography  is  normally  at  1:20,  000  (3.  17  inches  per  mile). 
This  is  the  smallest  scale  that  can  be  used  efficiently  by  non-professional  in- 
terpreters with  a  minimum  of  equipment.      Although  enlargements  of  USDA 
photography  can  be  obtained,    they  cost  more,    yield  no  additional  detail,    and 
cannot  be  viewed  with  simple  stereoscopes.      Contact  prints  are  recommended 
for  general  use,    unless  enlargements  present  definite  advantages  in  transfer 
of  photo  detail  to  base  maps. 

Paper   surface,    weight,    and  contrast .  -  -Photographic  prints  from  USDA 
are  available  with  glossy  or  semi-matte  finishes.     Glossy  prints  exhibit  an 
offensive  glare  and  are  difficult  to  write  upon;  they  also  develop  emulsion 
cracks  with  excessive  handling  and  are  not  suited  to  necessary  bending  under 
the  lens  stereoscope.     Semi-matte  prints  are  more  desirable  because  they 
have  a  minimum  of  glare,    a  "toothed"   surface  easily  marked  on,    and  fair 
resolution  qualities. 

Photographs  can  be  obtained  on  either  single-  or  double -weight  papers. 
Single- weight  papers  are  suitable  for  office  use,    take  up  less  filing  space,    and 
are  easy  to  handle  under  the  lens  stereoscope.      Double- weight  papers  are  pre- 
ferred for  field  use,    however,    as  they  are  less  subject  to  dimensional  changes 
and  withstand  handling  better  than  single- weight  papers.      Most  USDA  photog- 
raphy is  furnished  on  double- weight,    semi-matte  paper  unless  otherwise 
specified.      Contact  prints  may  be  obtained  on  special  low- shrink,    waterproof 
papers  at  a  slight  increase  in  price. 

The  contrast  of  aerial  prints  should  also  be  specified  where  a  choice 
is  available.     Some  USDA  laboratories  offer  three  degrees  of  print  contrast: 
"soft"  for  mapping,    "normal"  for  general  use,    and  "contrast"  for  timber 
survey  work.      The  photograph  should  present  maximum  tonal  differences  be- 
tween timber  types  without  loss  of   image  detail  in  light  and  dark  areas.     Al- 
though the  contrast  is  limited  primarily  by  the  quality  of  the  original  exposure, 
new  electronic  printing  devices  get  excellent  contrast  from  all  but  the  poorest 
negatives. 

Ordering  Commodity  Stabilization  Service  photography . - -Photo  index 
sheets  or  index  mosaics,    showing  the  relative  positions  of  all  individual 
photographs  within  a  given  county,    usually  can  be  examined  at  local  offices 
of  the  Commodity  Stabilization  Service,    Soil  Conservation  Service,    or  Agri- 
cultural Conservation  Program.      The  number  of  index  sheets  per  county  varies 
from  one  to  six  or  more.      Foresters  working  regularly  with  aerial  photographs 
may  find  it  desirable  to  purchase  a  set  of  index  sheets  for  areas  where   their 
work  is  concentrated. 
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In  deciding  which  photographs  should  be  ordered,    the  boundaries  of 
the  desired  area  can  be  outlined  on  the  photo  index.     All  photographs  which 
overlap  this  area,    partially  or  completely,    should  be  included  to  insure  stereo- 
coverage.      Prints  should  be  ordered  by  county  symbol,    roll  number,    and  ex- 
posure number  (fig.    1).      Other  items  to  specify  are: 

Photo  date --upper  left  corner  of  each  print. 
Scale--such  as  1:20,  000  or  1,  667  feet  per  inch. 

Reproduction- -such  as  9- by    9-inch  contact  prints,    double- weight, 
semi-matte  paper,    with  "contrast"  finish. 

Order  forms  (CSS-441)  are  available  at  most  CSS  offices.     If  such  an 
office  is  not  convenient,    orders  may  be  placed  at  the  addresses  below. 

Eastern  Laboratory,    for  photography  of  Texas,    Oklahoma, 
Nebraska,    South  Dakota, and  all  States  eastward: 

Performance  and  Aerial  Photography  Division 
Commodity  Stabilization  Service 
U.    S.    Department  of  Agriculture 
Washington  25,    D.    C. 

Western  Laboratory,    for  photography  of  Kansas,    North 
Dakota, and  all  States  westward: 

Performance  and  Aerial  Photography  Division 
Commodity  Stabilization  Service 
U.    S.    Department  of  Agriculture 
167  West  Second  South 
Salt  Lake  City  1,    Utah 

Photo  index  sheets,    usually  at  a  scale  of  one  inch  per  mile,    cost  $1.  10 
for  a  sheet  20  by  24  inches  in  size. 

Contact  prints,    9  by  9  inches,    1:20,  000,    8-1/4-inch  focal  length: 

Quantity  Price  per  print 

1-100  $0.65 

Over  100  .  50 

Complete  county  coverage  .  45 

Enlargements  are  available  at  four  scales  ranging  from  1:15,  840  on 
prints  14  by  14  inches  to  1:4,  800  on  prints  40  by  40  inches.     Prices  run  from 
about  $1.  70  to  $5.  10  per  print. 

These  prices  are  as  of  September      1957,  but  are  subject  to  revision  at 
any  time.     Payment  must  be  made  in  advance,   preferably  by  money  order, 
and  six  to  eight  weeks  are  usually  required  for  delivery. 


PREPARING  PHOTOGRAPHS  FOR  STEREO-VIEWING 

EQUIPMENT  NEEDED 

Equipment  considered  essential  by  one  interpreter    may   be  of  limited 
use    to    another,    but    the    forester    who    anticipates    a    continued    use    of   aerial 
photographs  will  probably  find  that  the  following  list  closely  approximates  his 
minimum  needs.     If  purchased  with  discretion,    essential  items  can  be  ob- 
tained for   less    than  $100. 

Lens  stereoscope,  folding  pocket  type. 

Parallax  bar  or  parallax  wedge  for  measuring  object  heights. 

Engineer's  scale,  6  or  12  inches  in  length,  reading  to  1/50- inch. 

Tree  crown-density  scale. 

Tree  crown-diameter  scale,  either  wedge  or  dot  type. 

Dot  grids  for  acreage  determination  (can  be  improvised). 

China-marking  pencils  for  writing  on  photographs. 

Carbon  tetrachloride  and  cotton  for  removing  pencil  markings  from  photographs. 

Drafting  instruments,  triangles,  and  drafting  tape. 

Needle  prick  for  point-picking  (can  be  improvised). 

Tracing  table  (can  be  improvised). 

Clip  board  for  holding  stereo-pairs  for  viewing  (can  be  improvised). 

A  list  of  inexpensive  photo-interpretation  equipment  and  supplies,    in- 
cluding manufacturers  and  prices,    has  been  compiled  by  the  Lakes  States 
Forest  Experiment  Station  (2).     A  price  list  of  aids  available  from  the  U.  S. 
Forest  Service  may  be  had  on  request  to  the  Division  of  Engineering,    Forest 
Service,    U.    S.    Department  of  Agriculture,    Washington  25,    D.    C. 

Many  foresters  will  already  own  such  items  as  drafting  instruments, 
dot  grids,    and  pocket  stereoscopes.     A  satisfactory  tracing  table  can  be  im- 
provised by  installing  a  uniform  light  source  under  a  glass  surface.      Fluo- 
rescent tubes  are  preferred  because  they  produce  less  heat  than  incandescent 
bulbs.     A  sheet  of  frosted  cellulose  acetate  between  two  pieces  of  ordinary 
single- weight  glass  serves  very  well  when  special  frosted  glass  is  not 
available. 

A  clip  board  to  eliminate  the  need  for  holding   stereo-pairs  with 
drafting  tape  can  be  improvised  with  a  few  ordinary  spring  clips  and  a  piece 
of  plywood  or  masonite  about  11  by  18  inches.     Figures  5  and  6  (p.    8) 
illustrate  two  types,    one  of  which  enables  the  viewer  to  see  the  "hidden  area" 
of  the  overlap  by  turning  the  edges  of  the  photos  downward  into  a  central  slot. 
Another  satisfactory  design  is  described  by  Hawes  (3). 

As  the  forester  uses  aerial  photographs  with  greater  regularity  and 
becomes  more  adept  in  interpretation  and  mapping,    he  may  wish  to  acquire 
more  expensive  equipment,    such  as  a  mirror  stereoscope,    vertical  sketch- 
master,    reflecting  projector,    or  radial  plotting  devices.     Such  items  cost  up 
to  several  hundred  dollars.      Because  they  would  likely  be  of  limited  value  to 
most  users  of  this  guide,    they  will  not  be  discussed  here.     Interested  persons 
may  obtain  information  on  such  equipment  in  the  Manual  of  Photogrammetry 
(1). 
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PREPARING  THE  PHOTOGRAPHS 

Photographic  flights  are    planned  so  that   prints  will  overlap  about  60 
percent  of  their  width  in  the  line  of   flight  and  about  30  percent  between  flight 
strips.      For  effective  stereo- viewing,  prints  must  be  trimmed  to  the  nominal 
9-  by  9-inch  size,  preserving  the  four  fiducial  marks  at  the  midpoint  of  each 
of  the  edges  (fig.    1).      Then: 

(1)     Locate  the    principal    point   (PP)    or    center    of   each   photo. 
Align  opposite  sets  of  fiducial  marks  with  a  straightedge     or 
triangle.      Draw  a  cross  at  photo  center  with  a  wedge-pointed 
pencil,  and  make  a  fine  needle  hole  at  the  intersection  (fig.   3). 


(2)     Locate  the  conjugate  principal  points  (CPP's)  on  each  photo- 
graph--the  points  that  correspond  to  PP's  of  adjacent  photos. 
Adjust  stereoscope  until  distance  between  centers  of  lenses 
corresponds  with  interpupillary  distance  (usually  about  2.  5 
inches).     Arrange  the  first  two  photographs  of  a  given  flight 
line  so  that  corresponding  gross  features  overlap.      Shadows 
should  be  toward  the  observer;  if  they  fall  away  from  the 
viewer     there  is  a  tendency  to  see  relief  in  reverse.      Tape 
down  one  photograph.     Move  adjacent  photograph  in  direction 
of  line  of  flight  until  corresponding  images  on  each  print  are 
about  2  or  2-1/4   inches  apart.     Place  lens  stereoscope  over 
prints  parallel  to  line  of  flight  so  that  the  left-hand  lens  is 
over  the  left  photo  and  the  right-hand  lens  is  over  the  same 
area  on  the  right  photo.      The  area  around  the  PP  will  be  seen 
as  a  three-dimensional  image.      The  movable  photo  should  then 
be  fastened  down.      While  viewing  this  area  through  the  stereo- 
scope,   place  a  needle  in  the  same  area  on  the  adjacent  photo 
until  it  appears  to  fall  precisely  in  the  hold  pricked  for  the  PP. 
This  locates  the  CPP  (fig.    4),    though  a  monocular  check  should 


Figure  3. --Locating  the  principal  point 
of  a  photograph  with  a  triangle  and 
wedge-pointed  pencil.   The  intersection 
of  lines  from  opposite  fiducial  marks 
locates  the  center.   Prints  shown  here 
have  not  yet  been  trimmed. 


Figure  4. --Locating  the  conjugate  principal 
point  of  a  photograph  with  pocket  stereoscope 
and  needle  pointer.   The  principal  point  of  the 
left  photo,  marked  with  an  inked  circle,  is 
transferred  s tereoscopically  to  the  identical 
point  on  the  right  photo. 


*v 


be  made  before  the  point  is  permanently  marked.     Repeat  for 
all  photos;  each  will  then  have  one  PP  and  two  CPP's,  except 
that  prints  falling  at  the  ends  of  the  flight  lines  will  have  only 
one  CPP.     Ink  a  0.  2-inch  diameter  circle  around  each    PP 
and  CPP  (fig.    1). 

(3)  Locate  the  flight  lines  on  each  print  by  aligning  the  PP's  and 
CPP's.      Connect  the  edges  of  the  aligned  circles  with  a  finely 
inked   line    (fig.    1).      Because  of   lateral  shifting  of  the  photo- 
graphic plane  in  flight,  a  straight  line  will  rarely  pass  through 
the    PP   and  both    CPP's    on   a    given   print. 

(4)  Determine  the  photo  base  length  for    each    stereo-overlap   by 
averaging  the  distance  between  the  PP  and  CPP  on  one  photo 
and   the    corresponding    distance    on   the    overlapping    photo. 
Measure  to  the  nearest  1/50-inch  and  record  on  the    back   of 
each  overlap.      There  will  be  two  average  base  lengths  for  each 
print,    i.  e.  ,    one  for    each    set   of   overlapping    flight   lines. 

Aligning  prints    for   stereoscopic   study. -- A  print  is  selected  and  clipped 
down  with  shadows  toward  the  viewer.      The  adjacent  photo  is  placed  with  its 
CPP  about  2  to  2-1/4  inches  from  the  corresponding  PP  on  the  first  photo. 
With  flight  lines  superimposed,    the  second  photo  is  positioned  and  clipped 
down.      The  stereoscope  is  placed  with  its  long  axis  parallel  to  the  flight  line 
and  with  the  lenses  over  corresponding  photo  images.     In  this  way  an  over- 
lapping strip  2  to  2-1/4  inches  wide  and  9  inches  long  can  be  viewed  by  moving 
the  stereoscope  up  and  down  the  overlap  area. 

With  the  photos  still  clipped  down,    the  prints  can  be  flipped  into  reverse 
position  with  the  opposite  photo  on  top.     This  presents  another  area  of  the  over- 
lap for  stereo-viewing.     To  study  the  narrow  strip  between,    the  edge  of  one 
print  must  be  curled  upward  or  downward  and  the  stereoscope  moved  parallel 
to  the  flight  line  until  the  "hidden  area"  comes  into  view  (figs.    5  and  6). 


Figure  5. --Curling  one  photograph  up- 
ward to  expose  the  'hidden  area*  of 
the  stereo-overlap.  Prints  are  held 
on  the   board   with   spring   clips. 


Figure  6. --Slotted  clip  board   for  bending  prints 
downward  and  out  of  the  way  of  the  viewer.  The  area 
indicated  by  arrows  would  not  be  visible  under  the 
stereoscope  if  the  prints  were  overlapped  as   in 
figure  4. 


PHOTO  SCALE,  BEARINGS,  AND  DISTANCES 

The  vertical  aerial  photograph  presents  a  true  record  of  angles,    but 
measures  of  horizontal  distances  are  subject  to  wide  variation  because    of 
changes  in  ground  elevations  and  flight  altitudes.      The  nominal  scale  (as 
1:20,  000)  is  representative  only  of  the  datum,    an  imaginary  plane  passing 
through  a  specified  ground  elevation  above  sea  level.      Calculation     of  the 
average  photo  scale  will  increase  the  accuracy  of  subsequent  photo  measure- 
ments. 

Aerial  cameras  in  common  use  have  focal  lengths  of  6,    8-1/4,     or   1 2 
inches  (0.  5,    0.  6875,    or  1.  0  ft.  ).      This  information,    coupled  with  the  altitude 
of  the  aircraft  above  ground  datum,    makes  it  possible  to  determine  the  rep- 
resentative fraction  (RF)  or  natural  scale: 

_„  Focal  length  (ft.  ) 


Flying  height  above  ground  (ft.  ) 


The  height  of  the  aircraft  is  rarely  known  to  the  interpreter,    however,    and 
photo  scale  is  more  often  calculated  by  this  proportion: 

_  _         Photographic  distance  between  two  points  (ft.  ) 
Ground  distance  between  same  two  points  (ft.  ) 

Determining   scale   from  ground  measurements .  - -Select  two  points  on  oppo- 
site sides  of  the  photo  so  that  a  line  connecting  them  passes  near  the  PP.     If 
the  points  are  approximately  equidistant  from  the  PP,    the  effect  of  photo- 
graphic tilt—'    (which  may  be  present  but  not  apparent)  will  be  minimized. 
Points  must  be  easily  identifiable  on  the  ground  so  that  the  distance  between 
them  can  be  precisely  measured.     Gas  and  power  line  rights-of-way,    highways, 
and  railroads  offer  clearings  where  ground  distances  can  be  quickly  chained. 
It  is  not  essential  to  calculate  the  scale  of  every  photograph  in  a  flight  strip. 
In  hilly  terrain,    every  third  or  fifth  print  may  be  used;  in  flat  topography, 
every  tenth  or  twentieth.      Scales  of  intervening  photos  can  be  obtained  by  in- 
terpolation (10). 

Office  checks   of  photo  scale.  --Scale  determination  from  ground 
measurements  is  laborious  and  expensive;  hence  other  methods  should  be  used 
wherever  possible.      If  a  U.    S.    Geological  Survey  quadrangle  sheet  is  available, 
the  map  distance  can  be  measured  and  substituted  as  the  ground  distance  in  the 
formula,    provided  the   same  distance  can  be  identified  for  photo  measurement. 

Another  alternative  is  presented  in  areas  of  flat  terrain  where  General 
Land  Office  subdivisions  of  sections,    quarter-sections,    and  forties  are  visible 
on  the  photographs.     Since  the  lengths  of  these  subdivisions  will  be  known,  they 
can  also  be  used  as  ground  distances.     A  given  section  may  rarely  be  exactly 
5,  280  feet  on  a  side,    but  determining  scale  by  this  method  is  more  accurate 
than  accepting  the  nominal  scale  (fig.    1). 


3/     Resulting  from  deviation  of  the  camera  axis  from  the  vertical  at  the  instant 
of  film    exposure. 
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Compass   bearings   and  distances .  -  -Although  flight  lines   usually  run 
North-South  or  East-West,    few  photographs  are  oriented  exactly  with  the 
cardinal  directions.     For  this  reason,    a  reference  line  must  be  located  be- 
fore bearings  can  be  determined.      The  method  below  is  used  by  field  teams 
on  the  Southern  Forest  Survey: 

(1)  Select  a  straight-line  feature  on  the  photo  such  as  a  highway, 
section  line,    or  field  edge  and  determine  its  bearing.      Draw 
this  reference  line  on  the  photograph,    extend  it  as  necessary, 
and  record   the    bearing. 

(2)  Pick  a  point  of  beginning  from  which  the  line  of  approach  to  a 
field  location  will  be  run.      This  should  be  some  feature  visible 
on  both  photo  and  ground,    such  as  a  fence  corner,  barn,  road 
intersection,    or  stream  fork.      Draw  a  line  on  the  photograph 
from  the  beginning  point  to  the  location,    and  extend  until  it  in- 
tersects the  reference  line.      Measure  the  angle  between  the 
two  lines  with  a  protractor  and  determine  the  bearing  of  the 
line    of   approach. 

(3)  Measure  the  distance  between  the  point  of  beginning  and  the 
field  location  to  the  nearest  0.  01  inch  and  convert  to  feet   or 
chains  at  the  calculated  photo  scale.     At  a  scale  of  1:20,  000  a 
measure  of  0.  01  inch  equals   16.  67  feet  or  about  25  links. 
Common  scale  conversions  are  given  in  table  1. 

Table  1. --Useful    conversions    for   common   photo   scales 


Photo 

Feet 

Chains 

Inches 

Acres 

Diameter 

Diameter 

scale 

per 

per 

per 

per 

of  one- 

of  1/5- 

(RF) 

inch 

inch 

mi  le 

square  inch 

acre  plot 

acre  plot 

Inch 

Inch 

1 

14,000 

1,167 

17.68 

4.53 

31.25 

0.202 

0.090 

1 

15,000 

1,250 

18.94 

4.22 

35.87 

.188 

.084 

1 

15,840 

1,320 

20.00 

4.00 

40.00 

.178 

.080 

1 

16,000 

1,333 

20.20 

3.96 

40.81 

.177 

.079 

1 

17,000 

1,417 

21.46 

3.73 

46.07 

.166 

.074 

1 

18,000 

1,500 

22.73 

3.52 

51.65 

.157 

.070 

1 

19,000 

1,583 

23.99 

3.33 

57.55 

.149 

.067 

1 

20,000 

1,667 

25.25 

3.17 

63.77 

.141 

.063 

1 

21,000 

1,750 

26.52 

3.02 

70.31 

.135 

.060 

1 

22,000 

1,833 

27.78 

2.88 

77.16 

.128 

.057 

Formula 

RFD 
12 

RFD 

792 

63,360 
RFD 

(RFD)2 

2826.0526 
RFD 

1263.8491 

ca 

Lculation1 

6,272,640 

RFD 

1  RFD  =  Representative  fraction  denominator,  as  20,000. 
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IDENTIFYING  FOREST  TYPES  AND  PREPARING  BASE  MAPS 

FOREST  TYPES 

Forest  type  boundaries  can  usually  be  delineated  with  greater  accuracy 
and  lower  cost  on  aerial  photographs  than  by  ground  methods.      The  degree  to 
which  species    groups  can  be  recognized  depends  on  the  quality  and  age  of 
photography,    type  of  film  used,    and  the  interpreter's  experience.      Most  USDA 
photography  shows  little  tonal  contrast  between  various  forest  types.      Thus  the 
interpreter  must  rely  largely  upon  photographic  texture,    topographic  position, 
season  of  photography,    and  a  knowledge  of  forest  associations  on  the  ground  to 
make  reliable  type  distinctions. 

The  wise  interpreter  will    delineate    only   those  types    that    he    can    con- 
sistently recognize.    For  maximum  accuracy,  type  lines  should  be  drawn  under 
the    stereoscope.     A    china-marking    pencil    is    recommended   for    preliminary 
work,     as    lines    are    easily    removed   with    carbon   tetrachloride    or    benzene. 
Water-soluble    ink   is    also    suitable.      Permanent   markings  can   be    made    with 
drawing    ink,     after    types    have    been   verified   by   ground   reconnaissance. 

In  figures  7  to  12,  several  southern  forest  types  are  illustrated  on 
1:20,  000  USDA  panchromatic  photography.  Single  prints  are  used  because  of 
the  difficulty    of   reproducing    high-quality    stereograms. 


PREPARING    TYPE    MAPS 

Type  maps  are  no  longer  considered  essential  by  all  foresters,    but  at 
times  their  cost  may  be  justified.     A  general  ownership  map  showing  principal 
roads,    streams,    forest   types,  and  condition  classes  may  be  desired  for  man- 
agement planning  and  illustrative  purposes.     Or  in  making  a  photo-controlled 
ground  cruise  where  precise  forest-area  estimates  are  required,    it  may   be 
necessary  to  measure  stand  areas  on  controlled  maps  of  known  scale  rather 
than  directly  on  contact  prints.      This  is  particularly  important  where  topogra- 
phy causes    wide    variation   in   photo    scales. 

Uncontrolled  maps .  - -Where  area  measurement  is  not  critical,    simple 
uncontrolled  type  maps  can  be  prepared  at  photo  scale  by  direct  tracing.      The 
property  boundaries  are  drawn  within  the  "effective  area"—'    of  alternate 
prints  in  each  flight  strip.      Photos  are  interpreted  under  the  stereoscope,    and 
all  types  and  planimetric  data  are  outlined.      The  detail  is  then  traced    onto 
frosted  acetate  or  vellum,    using  one  annotated  print  at  a  time.      If  property 
boundaries  are  accurately  drawn  on  interpreted  prints  to  include  all  of  the 
tract  without  duplication,    the  traced  data  from  adjoining  prints  should  match 


4/     If  9-  by  9-inch  photographs  with  60  percent  endlap  and  30  percent  sidelap 
are  assumed,    alternate  photos  will  have  effective  areas  of  about  3.  6  by  6.  3 
inche  s. 
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Figure  7 . --Loblol ly- short  lea f  pines  predominate  here,  exhibiting  a  fine  texture  and  dark 
tone.  The  left  photograph  was  made  in  winter,  the  other  in  late  spring  when  hardwood 
foliage  was  partially  developed.  Loblolly  pine  will  often  be  found  at  lower  elevations 
on  moist  sites,  while  shortleaf  is  more  common  on  slopes  and  ridges,  but  separation  of 
the  two  species  in  mixture  is  not  feasible. 

Figure  8. --Mixtures  of  loblolly- short  lea f  pines   and  hardwoods   are  difficult  to  recognize 
on  summer  panchromatic  photography  (left),   but  the  dark-toned  pines  are  easily  distin- 
guished on  winter  photos  (right).   The  hardwood  component  is  generally   of   the   upland 
variety,  such  as  the  oaks  and  hickories,  but  loblolly  and  pond  pine  may  be  mixed  with 
bottomland  hardwoods  in  the  Coastal  Plain. 
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Figure  9.  --Upland  hardwoods  can  generally  be  separated  from  bottomland  hardwoods  by 
lighter  tones  and  location  at  higher  elevations.  Stands  photographed  during  the  grow- 
ing season  (left)  exhibit  a  characteristic  rough  texture  as  compared  with  conifers. 
Accurate  photo  measurements  are  difficult  when  trees  are  leafless  (right). 

Figure  10.  --Bottomland  hardwoods   are  found  along  river  bottoms  and  other  low  areas, 
notably  the  Mississippi  Delta.   Sites  are  characterized  by  meandering  streams,  oxbow 
lakes,  and  standing  water.  Dense  stands  and  wet  ground  may  make  photographic   tones 
darker  than  for  upland  hardwoods.   The  left  photo  was  made  during  the  growing  season; 
stands  on  the  right  are  leafless.    The  fine- textured  area  in  the  upper  left  of   the 
winter  photo  is  willow  and  Cottonwood  on  a  recent  deposition  of  sand  and  silt. 
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Figure  11 . - -Longleaf- slash   pines  are  commonly  found  on  broad,  sandy  ridges  of  the  Coastal  Plain, 
separated  by  dark,  dense  zones  of  hardwoods  which  follow  dendritic  drainage  patterns.  Stands 
are  open,  often  sparsely  stocked,  with  little  understory  vegetation  obscuring  the  ground. 
Shadows  of  young  trees  are  distinctly  pointed.   Slash  pine  shows  up  in  darker  tones  than  long- 
leaf,  but  the  two  species  are  not  generally  separable  on  panchromatic  photography.   The  left 
photograph  was  taken  in  summer,  the  right  in  winter,  as  evidenced  by  lack  of  foliage  in  hard- 
wood bottoms. 

up  without  difficulty.      To  assure  standardization    in    type    recognition,     it   is  de- 
sirable   to    have    one    man   perform    all    interpretation    work. 

For  area  measurement,    uncontrolled  maps  are  no  more  accurate  than 
the  photographs  from  which  they  were  prepared,    but  they  may  suffice  for  man- 
agement plans  and  illustration.      In  the  many  areas  of  the  South  where  flat 
terrain  predominates,    average  photo  scales  vary  only  slightly,    and  photo 
tracings  may   approach   the    accuracy    of    controlled   maps. 

Controller]  maps.--  Base    maps    of    uniform    scale    may   be  required   for 
photo-controlled    ground    cruises,     as    precise    measures    of  forest   area 
by  type  and  stand- size  are  essential  for  accurate  volume  estimates.     In   flat 
terrain     average  photo  scale  can  be  determined  and  acreages  measured   di- 
rectly on  contact  prints,    but  in  steep  topography     variations  in  photo  scale  re- 
quire the  transfer  of  forest  types  to  base  maps  for  accurate  area  measure- 
ment.     The  most  common  way  of  adjusting  variable  photo  scales  to  controlled 
maps  is  by  constructing  "radial  line  plots"  or  by  preparing  plat  sheets  from 
field  notes  of  the  General  Land  Office.     As  construction  of  a  radial  line  plot  is 
quite  complex  and  has  been  adequately  treated  in  several  readily  available 
publications  (1,    17,    18),    it  will  not  be  reviewed  here. 
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Figure  12. --Slash  pine   plantations  in  the  upper 
Coastal  Plain.   Rows  are  still  visible  though 
some  thinnings  have  been  made. 


Figure  13. - -Non- forest    land  uses  can  also 
be  recognized  on  aerial  photographs.   The 
central  area  of  this  photo  shows  land 
which  has  been  recently  cleared,  with 
stumps  and  tops  pushed  into  windrows. 
Cultivated  fields  surround  the  new  clear- 
ing, with  bottomland  hardwoods  in  low  de- 
pressions and  along  the  river. 


General  Land  Office  (GLO)  plats.--  Most  of  the  United  States  west  of  the 
Mississippi  River  and  north  of  the  Ohio  River,  plus  Alabama,  Mississippi,  and 
portions  of  Florida,  was  originally  subdivided  under  the  U.  S.  Public  Land 
Survey.  Township,  range,  and  section  lines  are  often  visible  on  aerial  photo- 
graphs. If  enough  such  lines  and  corners  can  be  identified,  GLO  plats  can  be 
constructed  as  base  maps  from  field  notes  available  at  State  capitols  or  county 
offices.  The  accuracy  of  this  method  depends  upon  the  number  of  grid  lines 
and  corners  which  can  be  pin-pointed  on  the  aerial  photographs.  The  technique 
described  is  adapted  from  Johnson  (7). 

A  GLO  plat  is  drawn  to  average  photo  scale  from  field  notes,    showing 
sections,    quarter-sections,    and  forties.     As  many  of  the  same  lines  and 
corners  as  possible  are  pin-pointed  on  the  aerial  photographs,    preferably 
arranged  in  a  systematic  framework    throughout  the  forest  property.    Owner- 
ship maps,    county  highway  maps,    and  topographic  quadrangle  sheets  may  be 
helpful  in  identification  of  such  corners,    but  additional  points  must  usually 
be  found  by  taking  the  photographs  into    the    field. 
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When  photo  interpretation  of  forest  types  has  been  completed,    the  de- 
tail is  transferred  to  the  plat,    one  square  of  the  grid  being  completed  at  a 
time.      If  the  plat  and  photos  are  of  the  same  scale,    transfer  can  be  made  by 
direct  tracing  on  a  light  table  (fig.    14);  where  scales  differ,    a  proportionate 
grid  system  can  be  used.      Photo  detail  is  forced  into  corresponding  squares 
on  the  base  map.      Transfer  of  detail  should  not  be  extended  outside  of  the 
framework  of  control,    as  large  errors  may  result. 

Topographic  and  county  maps.  --Topographic  quadrangle  sheets  and 
county  highway  maps  are  often  useful  in  preparing  base  maps  and  identifying 
features  on  aerial  photographs.      When  available,    7-1/2  minute  quadrangle 
maps  at  a  scale  of  1:24,  000  provide  excellent  base  maps,    and  can  be  pur- 
chased for  about  30  cents  per  copy.      State  index  maps  showing  areas  covered 
can  be  obtained  free.      For  information  on  States  west  of  the  Mississippi 
River,    write: 

U.    S.    Geological  Survey 
Distribution  Section 
Federal  Center 
Denver,    Colorado 

For  areas  east  of  the  Mississippi  River,    write: 

U.    S.    Geological  Survey 
Distribution  Section 
Washington  25,    D.    C. 

Mail  orders  must  be  accompanied  by  payment  in  advance.     Other  sources    of 
topographic  quadrangle  maps  are  the  Maps  and  Surveys  Branch  of  the  Tennes- 
see Valley  Authority,    Chattanooga,    Tennessee;  and  the  Mississippi    River 
Commission,    U.    S.  Army  Corps  of  Engineers,    Vicksburg,    Mississippi. 

County  maps,    usually  obtainable  from  State  highway  departments,    may 
serve  as  base  maps  where  a  high  level  of  accuracy  is  not  required.      They  show 
township,    range,    and  section  lines,    in  addition  to  geographic  coordinates  (lon- 
gitude and  latitude)  to  the  nearest  5  minutes.      County  maps  are  usually  printed 
at  a  scale  of  about  one-half  inch  per  mile.     Although  bearings  of  section  lines 
are  not  shown,    such  maps  are  more  reliable  than  over-simplified  plats  show- 
ing idealized  sections  oriented  exactly  with  the  cardinal  directions.      Portions 
of  county  maps  can  be  enlarged  to  photo  scale  and  sections  subdivided    into 
quarters  or  forties  by  proportionate  measurement.      These  maps  may  be  es- 
pecially helpful  in  preparing  GLO  plats  as  previously  outlined. 
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Figure  14. --Portion  of  aerial  photograph  covering  two  sections  of  land  and  corresponding  type 
map  traced  on  a  GLO  grid  system.  Small  squares  are  forties.  Original  scale  1:20,000.  BH 
indicates  bottomland  hardwood  types. 
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MEASURING  AREAS 

Accurate  measures  of  forest  areas  are  required  in  both  aerial  and 
ground  cruising,    and  photographs  offer  an  inexpensive  means  of  making  such 
determinations.     In  most  of  the  South,    photo  scales  are  not  appreciably 
altered  by  topographic  changes  and  areas  can  be  measured  directly  on  con- 
tact prints.     Greater  accuracy  is  possible  if  forest  types  are  transferred  to 
controlled  base  maps  for  area  determination,    and  this  procedure  may  be 
essential  for  reliable  measurements  in  mountainous  terrain.      On  the  other 
hand,    if  only  relative  proportions  of  forest  types  are  needed  and  measure- 
ments are  limited  to  the  effective  area  of  contact  prints,    no  bias  results 
from  using  the  photographs  even  when  local  relief  ranges  from   1,  000    to 
2,  000    feet   (14,     19).       This  means  that   for  large  tracts      errors  in  measure- 
ment of   areas  below  the  datum    plane  are  compensated  by  errors  of  a  similar 
magnitude    for    areas    above     the  datum    plane.      For     small  tracts    on   rough 
topography,     measurement  on  controlled   maps    is    recommended.      In   either 
case,     techniques     are     quite     similar,     so     that    procedures     outlined     for 
measuring    areas    on   photographs    generally  apply    to    map    determinations  as 
well. 

Devices    for  area  measurement .  -  -The  principal  devices  for  area  measure- 
ment are  polar  planimeters,    transects,    and  dot  grids. 

The  planimeter  is  relatively  expensive,    and  its  use  somewhat  tedious. 
The  pointer  is  carefully  run  around  the  boundaries  of  an  area  in  a  clockwise 
direction  two  or  more  times  (for  an  average  reading).      From  the  vernier 
scale,    the  area  in  square  inches  is  read  and  converted  to  desired  units, usually 
acres,    on  the  basis  of  photo  or  map  scale. 

The  transect  method  is  analogous  to  determining  forest  area  by  a  strip 
cruise  in  which  the  chainage  encountered  in  each  forest  type  is  recorded.     An 
engineer's  scale  is  aligned  on  the  photos      so  as  to  cross  topography  and 
drainage  at  approximately  right  angles.      The  length  of  each  type  along  the 
scale  is  recorded  to  the  nearest  tenth  of  an  inch.     Proportions  are  developed 
by  relating  the  total  measure  of  a  given  type  to  the  total  linear  measure.     For 
example,    if  six  equally  spaced  parallel  lines  6  inches  long  are  tallied  on   a 
given  photograph,    the  total  transect  length  is  36  inches.     If  bottomland  hard- 
wood types  are  intercepted  for  a  total  measure  of  7.  2  inches,    this  particular 
type  would  be  assigned  an  acreage  equivalent  to  1 .  Z  ~  36,    or  20  percent  of  the 
total  area.      The  transect  method  is  simple  and  requires  a  minimum  of  equip- 
ment.     For  making  rough  area  estimates  on  photo  index  sheets,    special  trans- 
parent overlays  for  location  of  transect  lines  can  be  improvised  (9). 

The  preferred  method  of  determining  area  on  aerial  photographs  is 
with  dot  grids.      These  are  transparent  overlays  with  dots  systematically   ar- 
ranged on  a  grid  pattern.      The  grid  is  oriented       with  the  photo  fiducial  marks 
to  avoid  positioning  bias,    and  dots  are  tallied  for  each  forest  type  (fig.    15). 
Type  areas  are  calculated  by  proportions;  the  number  of  dots  falling  on  a 
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given  type  divided  by  the  total 
number  counted  yields  a  per- 
centage value  that  is  multiplied 
by  the  total  area  to  obtain  the 
type  acreage.  If  the  total 
acreage  is  not  known,  the 
number  of  acres  per  square 
inch  is  d  e  t  e  r  in  i  n  e  d.  This 
figure  is  divided  by  the  number 
of  dots  per  square  inch  to  get 
the  number  of  acres  repre- 
sented   by    each    dot. 

Intensi ty  of  dot  sam- 
pling.--The  number  of  dots 
that  must  be  counted  for  a 
given  accuracy  depends  upon 
the  estimated  proportion  of  the 
total  area  occupied  by  the 
most  important  type.  If  pre- 
cise acreages  are  needed  for 
pine  sawtimber  and  such  stands 
occupy  about  25  percent  of  the 

gross  area,  the  dot  intensity  would  be  calculated  on  this  basis 
cited   from    the    Forestry   Handbook_'    (17): 

P(  1-P)t2 

Total  number  of  dots  to  be  counted  (N)  =  — ' —  ,    where 

V     '  (AE)2 

P  =  estimate  of  proportion  of  area  in  most  important  class  (25  percent) 
AE  =  allowable  error,    expressed  as  a  decimal  (in  this  case      0.  005) 

t  =  constant  reflecting  reliability  of  the  estimate  (for  correctness   19  out  of 
20  times,    t  =  1.  96) 

„,  K,      0.  25  (1.  00-0.  25)  (1.96)2       ,QQ1,j  + 

Thus,    N  = i — '— . —   -  28,  812  dots 

(0.  005)2 

It  is  necessary  to  count  a  total  of  28,  812  dots  to  accurately  determine 
the  area  of  sawtimber  stands  within  the  allowable  error.      The  greatest  number 
of  dots  will  be  required  when  P  is  set  at  50  percent,    but  the  count  can  be  con- 
siderably reduced  if  the  allowable  error  is  increased.      If  0.  05  rather  than  0.005 
is     used,        only  1/100  as  many  dots  need  be  counted.      The  number  of  dots  per 
square  inch  is  calculated  by  dividing  the  total  (28,  812)  by  the  gross  area  of  the 
tract  in  square  inches.     If  900  square  inches  are  involved,    28,  812-J-900  =  32 


Figure  15. --Using  a  dot  grid  to  measure  forest  areas 
on  1:20,000  aerial  photographs.   Tallied  dots  can  be 
checked  off  with  a  china-marking  pencil  to  avoid  o- 
missions  or  duplicate  counts. 


An  example  is 


_5/     FORESTRY  HANDBOOK,    edited  by  Reginald     D.    Forbes  and  Arthur  B. 
Meyer,    for  the  Society  of  American  Foresters.      Copyright  1955,    The  Ronald 
Press  Company. 
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dots  per  square  inch.      Here    it    would   be    most    expedient    to    use    an   existing 
grid   with    36    dots    per    square    inch. 

For  tracts  of  1,  000  acres  or  less,    grids  with  closely  spaced  dots  are 
recommended.     Grids  with  64  dots  per  square  inch  are  commonly  used  with 
1:20,  000  photographs.      Since  one  square  inch  equals  63.  77  acres  at  photo 
scale,    each  dot  represents  0.  996  acres.      For  1:15,  840  photography,    where 
one  square  inch  equals  40  acres,    grids  with  40  dots  per  square  inch  are  avail- 
able.    It  is  not  essential  that  a  separate  grid  be  used  for  each  photo  scale  or 
that  the  number  of  dots  per  square  inch  be  equal  to  the  acreage  per  square 
inch.      Counts  made  with  grids  of  any  dot  intensity  can  be  converted  to  acre- 
ages by  simple  proportions. 

Dot  grids  for  use  with  different  photo  scales  can  be  purchased  inex- 
pensively or  improvised  by  pricking  needle  holes  at  desired  intervals  in  a  sheet 
of  clear  cellulose  acetate.      Counts  can  also  be  made  with  ordinary  cross- 
section  paper.      The  photograph  is  placed  on  a  tracing  table  with  a  strong  light 
underneath  and  the  cross-section  paper  positioned  over  the  photo.      Grid  in- 
tersections are  used  as  dots,    and  type  percentages  calculated  by  relating  the 
number  of  intersections  in  each  type  to  the  total  number  counted.      This  method 
will  work  best  when  type  lines  have  been  previously  delineated,    and  when  thin, 
translucent  graph  paper  is  available. 
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TREE  HEIGHT,  CROWN  DIAMETER,  AND  CROWN  CLOSURE 

TREE    HEIGHT 

Tree  heights  are  commonly  determined  on  aerial  photographs  by  meas- 
urements of  stereoscopic  parallax  or  shadow  lengths.      Though  more  difficult 
for  the  beginner,    the  parallax  method  is  faster,    requires  fewer  calculations, 
and  is  more  adaptable  to  a  variety  of  stand  conditions.     Anyone  who  can  use  a 
stereoscope  can  train  himself  to  measure  stereoscopic  parallax,    and  even  the 
occasional  interpreter  will  find  this  method  of  measuring  heights  advantageous. 

Shadow-length  measurements  are  reliable  only  in  open-grown  stands 
where  individual  shadows  fall  on  level  ground.     Accurate  measurement  is  al- 
most impossible  in  dense,    irregular  stands  or  on  slopes.      Furthermore,    the 
conversion  of  photo  shadow  length  to  tree  height  is  quite  complex  in  comparison 
to  the  conversion  of  parallax  measurements.      For  these  reasons,    only  the 
parallax  method  will  be  discussed.      Foresters  interested  in  details  of  shadow- 
height  calculations  should  refer  to  Johnson's  article  (8),    which  includes  a 
special    form  for  making  tree-height  conversions. 

The  concept   of  paral lax .--  As  defined  in  the  Manual  of  Photogrammetry 
(1),    parallax  as  a  general  term  is  "the  apparent  displacement  of  the  position  of 
a  body  with  respect  to  a  reference  point  or  system,    caused  by  a  shift  in  the 
point  of  observation.  "     In  measuring  object  heights  on  stereoscopic  pairs    of 
aerial  photographs,    two  types  of  parallax  must  be  measured  or  approximated. 
The  absolute  stereoscopic  parallax  of  a  point  is  "the  algebraic  difference, 
parallel  to  the  air  base,    of  the  distances  of  the  two  images  from  their  re- 
spective principal  points.  "     The  parallax  difference,    or  differential  parallax, 
of  an  object  being  measured  for  height  determination  is  the  difference  in  the 
absolute  stereoscopic  parallax  at  the  top  and  the  base  of  the  object,    measured 
parallel  to  the  air  base,    or  flight  line  (18). 

The  basic  formula  for  conversion  of  parallax  measurements  on  aerial 
photographs    is: 

h  _    H  x  dP 
P  +  dP 

where     h   =  height  of   measured   object   in   feet 

H  =  height  of   aircraft   above    ground   datum    in   feet 
P  =  absolute    stereoscopic    parallax   in   inches 
dP  =  parallax  difference  in  inches 


For  substitution  in  this  formula,    the  height  of  the  aircraft  above  ground 
datum  is  calculated  from  the  basic  scale  formula,    transposed  to  the  more  con- 
venient form:    Flying  height  (H)  =  focal  length  x  scale  denominator.    With  photo- 
graphs of  1:20,  000  scale  and  a  camera  of  8-1/4  inch   focal  length,    the    flying 
height  would  be  0.  6875  x  20,  000  =  13,  750  feet. 
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In  flat  terrain,    the  average  photo  base  length  is  ordinarily  substituted 
as  the  absolute  stereoscopic  parallax  (P)  in  the  formula.      If  the  ground  ele- 
vation at  the  base  of  the  tree  being  measured  differs  from  the  elevation  of  the 
principal  points  by  more  than  200  or  300  feet,    however,    the  following  method, 
as  outlined  in  the  Forestry  Handbook_/  (17),    should  be  used  to  calculate  a 
new  value    for    P: 

(1)  Orient  the  stereo-pair  with  flight  lines  superimposed  and  photo 
images  separated  about  2  to  2-1/4  inches.      Clip  down  photographs. 

(2)  Measure  distance  between  the  two  principal  points  to  the  nearest 
0.  01  inch  with  an  engineer's   scale. 

(3)  Measure  the  distance  between  corresponding  images  on  the  two 
photographs  at  or  near  the  base  of  the  tree  to  the  nearest  0.  01 
inch. 

(4)  Subtract  (3)  from  (2)  to  obtain  the  absolute  stereoscopic  parallax 
at  the  base  of  the  tree. 


The    parallax    difference    (dP)    is    measured    stereoscopically    with   a 
parallax    wedge    or    parallax   bar,     both    devices    employing    the    "floating  mark" 
principle. 

Parallax  wedges .--  Parallax  wedges  are  usually  printed  on  transparent 
film  or  glass.      The  basic  design  consists  of  two  rows  of  dots  or  graduated 
lines  beginning  about  2.  2  inches  apart  and  converging  to  about  1.  8  inches 
apart.      The  graduations  on  each  line  are  calibrated  for  making  parallax  read- 
ings to  the  nearest  0.  002  inch  (fig.    16). 

In  use,    the  parallax  wedge  is  placed  over  the  stereoscopic  image  with 
the  converging  lines  perpendicular  to  the  line  of  flight  and  adjusted  until    a 
single  fused  line  of  dots  or  graduations  is  seen  sloping  downward  through  the 
stereoscopic  image.      If  the  photo  images  are  separated  by  exactly    2    inches,  a 
portion  of  the  parallax  wedge  centering  around  the  2-inch  separation  of    con- 
verging lines  will  fuse  and  appear  as  a  single  line.      The  line  will  appear  to 
split  above  and  below  this   section.      Using  the  fused  line  of  graduations,    the 
parallax  difference  is  obtained  by  counting  the  number  of  dots  or  intervals  be- 
tween the  point  where  a  graduation  appears  to  rest  on  the  ground  and  the  point 
where  a  graduation  appears  to  "float"  in  the  air  at  the  same  height  as  the  top 
of  the  tree.      If  each  graduation  denotes  0.  002  inch  parallax,    and  there  are  six 
graduations  between  the  point  at  ground  level  and  tree  top  level,    the  parallax 


6/     FORESTRY  HANDBOOK,    edited  by  Reginald  D.    Forbes  and  Arthur    B. 
Meyer,    for  the    Society  of  American  Foresters.      Copyright    1955,    The   Ronald 
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difference  (dP)  of  0.  012  inch  would 
be  substituted  in  the  basic  parallax 
formula.  Where  P  is  large  in  re- 
lation to  dP,  tables  2  and  3  can  be 
used  as  short-cut  approximations 
in  converting  parallax  measure- 
ments   to    tree    heights. 

The  parallax  bar.  --This  in- 

7  /   • 
strument— '    is  more  expensive  than 

the  parallax  wedge  and  yields  re- 
sults of  the  same  order  of  accuracy, 
but  many  photo  interpreters  prefer 
it  because  the  floating  dot  is  mov- 
able for  easier  placement  on  the 
ground  and  at  crown  levels.  The 
bar  can  also  be  attached  to  the  legs 
of  the  lens  stereoscope,  assuring 
parallel  movement  of  the  two  in- 
struments   (fig.    17). 


The  bar  has  two  transparent 
lenses     attached    to    a    metal    frame 
that  houses     a    vernier  and  a  gradu- 
ated   metric     scale.       The    left   lens 
contains    the     fixed    reference    dot 
while  the  dot  on    the    right    lens    can 
be    moved    laterally   by    means    of   the 
vernier.      The    bar    is    placed    over   the 
stereoscopic    image    parallel    to    the    line 
of  flight.      The    right-hand   dot   is    moved 
until    it   fuses  with   the  reference  dot  and 
appears  to  rest  on  the  ground  at  the  base 
of   the  tree.      The  vernier  reading  is    re- 
corded  to    the    nearest    0.01    millimeter. 
The  vernier  is  then  turned  until  the  fused 
dot   appears    to   "float"    at   tree-top  level 
and  a  second  reading  recorded.    The  dif- 
ference between  the  readings  is  the  par- 
allax difference  (dP)  in  millimeters.    This 


Figure  16. - -Para  1  lax  wedge  correctly  oriented 
over  a  stereogram  with  converging  lines  per- 
pendicular to  the  line   of  flight.   Gradua- 
tions on  right-hand  line  refer  to  separation 
of  the  two  lines  in  inches. 

Figure  17 .- -Para  1  lax  bar  attached  to 
legs  of  lens  stereoscope  and  correctly 
aligned  with  long  axis  parallel  to  line 
of  flight.   The  right-hand  lens  is  mov- 
able laterally  by  means  of  the  knurled 
cyl inder . 


7/  The  particular  instrument  discussed 
is  manufactured  by  the  Abrams  Instru- 
ment Co.  ,  Lansing,  Michigan.  Other 
suitable  makes  may  be  available. 
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Table    2. - -Parallax-wedge    conversion    factors1     for    wedges    reading    to   0.002 
inch   parallax   (dP) 


Photo  base 

P 

( inches) 

Height  per  0.002  inch  of  dP,  for 

scales  (RF)  o 

F-- 

1:18,000 

1:19,000 

1:20,000 

1:21,000 

1:22,000 

p                f. 

2.60 

9.5 

10.0 

10.6 

11.1 

11.6 

2.70 

9.2 

9.7 

10.2 

10.7 

11.2 

2.80 

8.8 

9.3 

9.8 

10.3 

10.8 

2.90 

8.5 

9.0 

9.5 

10.0 

10.4 

3.00 

8.2 

8.7 

9.2 

9.6 

10.1 

3.  10 

8.0 

8.4 

8.9 

9.3 

9.8 

3.20 

7.7 

8.2 

8.6 

9.0 

9.4 

3.30 

7.5 

7.9 

8.3 

8.7 

9.2 

3.40 

7.3 

7.7 

8.1 

8.5 

8.9 

3.50 

7.1 

7.5 

7.9 

8.2 

8.6 

3.60 

6.9 

7.3 

7.6 

8.0 

8.4 

3.70 

6.7 

7.1 

7.4 

7.8 

8.2 

3.80 

6.5 

6.Q 

7.2 

7.6 

8.0 

3.  90 

6.3 

6.7 

7.0 

7.4 

7.8 

4.00 

6.2 

6.5 

6.9 

7.2 

7.6 

1    Assumes    camera    focal    length    of    8%    inches.       To    enter    table,    determine    average    photo   base 
length   and    scale,    and    measure    parallax    difference    of    tree.       If    base    length    is    3.60    inches, 
RF  =    1:21,000,    and   dP   =   0.012    inch    (6  dots    on   wedge),    height    =   6  x    8   or   48    feet. 


Table   3 .- -Parallax-bar   conversion    factors1    for    use   with  devices    reading    to 
0.01   mm  parallax  (dP) 


Photo   base 

P 

( inches) 


Height    per   millimeter   of   dP,     for    scales    (RF)    of 


1: 18,000 


1:19,000 


1:20,000 


1:21,000 


1:22,000 


Feet 


2.60 
2.70 
2.80 
2.90 
3.00 

3.10 
3.20 
3.30 
3.40 
3.50 

3.60 
3.70 
3.80 
3.90 
4.00 


185 
178 
172 
166 
160 

155 
150 
146 
142 
138 

134 
130 
127 
124 
121 


195 

205 

215 

188 

198 

208 

181 

191 

200 

175 

184 

193 

169 

178 

187 

164 

172 

181 

159 

167 

175 

154 

162 

170 

150 

157 

165 

145 

153 

161 

141 

149 

156 

138 

145 

152 

134 

141 

148 

131 

137 

144 

127 

134 

141 

226 
217 
210 
203 
196 

190 
184 
178 
173 
168 

164 
159 
155 
151 

147 


1   Assumes   camera    focal    length   of   8W   inches.      To   enter    table,    determine   average   photo  base 
length   and    scale,    and   measure   parallax   difference   of    tree.       If   base    length    is    3.00    inches, 
RF  fi   1:19,000,    and   dP   =   0.38  millimeter,    height    =  0.38   x    169   or    64    feet. 
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value  can  be  substituted  in  the  parallax  formula  without  conversion  if  the  abso- 
lute parallax  (P)  is  also  expressed  in  millimeters. 

Accuracy  of  height  measurements .  -  -Accuracy  in  measuring  total  heights  of 
trees  and  stands  depends  upon  a  number  of  factors,    not  the  least  of  which  is 
the  ability  of  the  individual  in  determining  stereoscopic  parallax.      Most  in- 
terpreters can  detect  differences  in  parallax  of  about  0.  002  inch,    and  this 
graduation  interval  is  used  on  most  parallax  wedges. 

The  photo  interpreter  who  can  detect  a  difference  of  0.  002  inch  of 
stereoscopic  parallax  will  be  able  to  stratify  forest  stands  into  10-foot  total 
height  classes  on  contact  prints  of  1:15,  840  to  1:20,  000  scales  (18).      Greater 
accuracy  in  height  measurement  may  be  possible  in  flat  terrain  where  photo 
scale  changes  are  not  pronounced  and  less  skill  is  required   in  selecting  the 
point  for  the  base  parallax  reading.      Care  must  be  exercised  to  make  the 
ground  parallax  reading  on  the  same  contour  as    the    base    of   the    tree. 

The  interpreter  should  consider  the  points  below   as    a    means    of   im- 
proving   accuracy    in    height   measurement: 

In  rough  terrain,  the  calculation  of  a  new  photo  scale  and  flying 
height  for  each  overlap  is  desirable.     For  stands  on  high  ridges  or 
in  deep  ravines,  it  is  better  to  calculate  new  values  for  absolute 
stereoscopic  parallax   than   to    use    the    average  photo  base  length. 

Once  a  pair  of  photographs  has     been  aligned  for  stereo-viewing, 
they  should  be  fastened  down  to  avoid  movement.     A  slip  of  either 
photograph  between  the  parallax  reading  at  the  base  and  the  top  of 
a  tree  may  yield  highly   inaccurate  height  readings. 

To  avoid  single  measurements  of  high  variability,    it  is  recom- 
mended that  several  measurements  be  made  of  the  same  tree  or 
stand,    and  the  results    averaged  (11). 


TREE    CROWN    DIAMETER 

Crown  diameters  are  measured  with  wedges  or  dot-type  scales  reading 
in  thousandths  of  an  inch.  With  a  crown  wedge,  the  diverging  lines  are  placed 
tangent  to  either  side  of  the 
crown  for  making  the  reading. 
Dot-type  scales  have  circles 
of  graduated  sizes  for  direct 
comparison  with  tree  crowns, 
(fig.    18).     For    converting 

measurements,     the     scale    of  Figure  18.  --Dot-  type  crown-diameter   scale.      Such 

photography  is    calculated    in  scales  are  printed  on    transparent    film. 


CROWN    DIAMETER    SCALE 

CENTRAL   STATES    FOREST    EXPERIMENT    STATION 


•——     ••••••••••• 

|       i       I      a      I      b      I      i«      I      •'»      I      »      I      •»      I      >»      I      ■      I      »e     I      «•     I      i 


NUMBERS     INDICATE     DOT     SIZE     IN    THOUSANDTHS     Of     AN    INCH 
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Table   4. --Actual    crown   width    for    various   photo-crown   widths   and  photo   scales1 


Photo  crown 

width 
( thousandths 

1:18,000 

1: 19,000 

1:20,000 

1:21,000 

1:22,000 

of  an  inch) 

Feet 

Feet 

Feet 

Feet 

Feet 

2.5 

4 

4 

4 

4 

5 

5.0 

7 

8 

8 

9 

9 

7.5 

11 

12 

13 

13 

14 

10.0 

15 

16 

17 

18 

18 

12.5 

19 

20 

21 

22 

23 

15.0 

22 

24 

25 

26 

27 

17.5 

26 

28 

29 

31 

32 

20.0 

30 

32 

33 

35 

37 

22.5 

34 

36 

37 

39 

41 

25.0 

37 

40 

42 

44 

46 

27.5 

41 

44 

46 

48 

50 

30.0 

45 

47 

50 

53 

55 

1    Source:     Tensen,    C.    E.       Dot-type    scale    for    measuring    tree-crown    diameters    on    aerial 

photographs.      U.S.    Forest    Serv.    Central    States   Forest    Expt .    Sta.    Sta.    Notes   48,    2pp..    illus. 
1948. 


feet  per  thousandth  of  an  inch.      At  1:20,  000,    each  0.  001  inch  of  crown  measure 
equals   1.  667  feet.      A  reading  of  10/1,  000  inch  would  imply  a  crown  diameter 
of  17  feet  (table  4). 

Tree  crowns  are  rarely  circular,    but  because  individual  limbs  are  often 
invisible  on  aerial  photos,    they  usually  appear  roughly  circular  or  elliptical. 
As  only  the  portions  of  the  crown  visible  from  above  can  be  evaluated,     photo 
measures  of  crown  diameter  are  often  lower  than  ground  checks  of  the  same 
trees.      Nevertheless,    most  interpreters  can  determine  average  crown  diameter 
with  reasonable  precision  if  several  readings  are  taken     and  there  is  no  con- 
stant bias    in   measurement. 

Obviously,    crown  diameter  measurements  of  individual  trees  are  most 
accurate  in  open-grown  stands.      In  dense   stands,    measurements  are  generally 
confined  to  determination  of  an  average  for  the  dominant  trees.      Crowns  can 
usually  be  classified  into  five-foot  classes  without  difficulty  (18). 


TREE  CROWN  CLOSURE 

Crown  closure  percent,    also  referred  to  as  crown  cover  or  crown  den- 
sity,   is  the  proportion  of  the  forest  canopy  occupied  by  tree  crowns.      The  term 
may  refer  to  all  trees  in  the  stand  regardless  of  canopy  level  or  only  to  the 
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dominant  stand.      Crown  closure 
is  often  applied  in  making  photo 
determinations  of  stand  volume. 
It  is  estimated  ocularly  in  10  to 
30  percent  classes,    using 
printed  density  scales  as  an  aid 
(fig.    19).     Inexperienced  inter- 
preters tend  to  overestimate 
crown  closure     by  overlooking 
small  stand  openings  or  includ- 
ing portions  of  crown  shadows. 
Devices  for  checking  crown 
closure  on  the  ground  are 
considered  unsatisfactory, 
and  the  interpreter  must 
rely  on  practice  to  develop 
skill  in  making  photo    es- 
timate s. 


Crown    closure    is 
useful  because  of  its  re- 
lation to  stand  volume  per 
acre.      It  is  applied  in  lieu 
of  basal  area  or  number  of 
trees  per  acre,    as  these 
variables  cannot  be  accu- 
rately determined  on  avail- 
able photography.      Meas- 
urements of  crown  diame- 
ter and  estimates  of  crown 
closure  percent  should  al- 
ways be  made  under    the 
stereoscope. 


CROWN  DENSITY  SCALE 


:.; 


'■■: 


m  a  n 


PERCENT   CROWN   COVER 
I  20000 
FOREST  SURVEY -CENTRAL  STATES  FOREST   EXPERIMENT   STATION 


YIM8H  SURVIY  AID   NO  5 

CUIOCFOf?  ESTIMATING  OtdRlt  OF  STOCKING    ON  A£*UH.  PHOTOS 

baud  on  cwwn  density  or  dominant  and  cooomimant  trees 
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POORLY  MEDIUM  WELL 

10*  STOCKED  40*       STOCKED  70  *        STOCKED        100* 


May  ie  otDUK  now    Diucroa,  fkcmc  Nootmwut  Pomst  t  Hanoi  Ektmimint  Station 
oi  mom    Rkonal  Pb«MTt»,  U  5  FomirStuvice  PomANDkOMGON 


Figure  19. --Two  types  of  density  scales  for  comparison  with 
photo  images  in  estimating  tree  crown  closure. 


Tree  counts  can  seldom  be  made  accurately  on  available  aerial  photo- 
graphs.     Only  in  even-aged,    open-grown   forests    can   all    trees    in  a  stand   be 
separated.      Counting  all  trees  on  a  single  plot  is  tedious,    and  this  measure  of 
density  is  seldom  used.      Where  large-scale  photographs  are  available  (1:1,  000 
to  1:5,000),    individual-tree    counts    may   be    much    more    reliable. 
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AERIAL  CRUISING 

INDIVIDUAL  TREE  VOLUMES 

Where  photo  volume  tables  are  available,    the  gross  volume  of  indi- 
vidual trees  may  be  determined  on  moderate- scale  photography  of  open-grown 
forest  stands.     Aerial  tree-volume  tables  are  entered  by  measuring  crown  di- 
ameter and  total  height.      The  construction  and  application  of  such  tables  is  de- 
pendent upon  a  correlation  between  photo  measures  of  crown  diameter  and 
d.  b.  h.      This  relationship  can  often  be  established  for  single  species  or  species 
groups,    notably  even-aged  conifers  in  the  middle  diameter  classes  (18).  Minor 
(12,    13)  developed  linear  relationships  of  crown  diameter  and  stem  diameter 
for  pine  stands  in  Louisiana     and  compiled  cubic-  and  board-foot  aerial  tree- 
volume  tables  based  on  Girard  Form  Class  80.      Two  of  his  cubic-foot  tables 
are  included  here  (tables  5  and  6),    along  with  a  suggested  form  for  recording 
data  from  individual  trees  (fig.    20).      Photo  measurements  may  include  all 
trees  on  1/5-  to  1-acre  circular  plots,    or  stands  can  be  delineated  according  to 
height  classes  for  determination  of  the  average  tree  per  unit  area.     In  the  latter 
instance,    a  tree  count  must  be  made  for  obtaining  the  total  stand  volume. 

This  method  of  obtaining  volume  is  applicable  only  where  individual 
trees  can  be  separated  stereoscopically  for  an  accurate  measure  of  total  height, 
crown  diameter,    and  crown  counts.     Also,    there  are  few  aerial  tree  volume 
tables  which  can  be  applied  regionally.     In  the  South,    longleaf-  slash  pine  stands 
offer  the  best  opportunities  for  aerial  cruising  of  this  nature. 


State 


County 


Sec. 


Plot 


Photo  Nos. 


Photo   date 


Parallax    conversion    factor 


Av.  photo  base 


Average  form  class 


P I  date 


Tree 
No. 

Species 

Paral lax 

Total 
height 

Crown 
diameter 

Tree  volume 

Pine 

Hwd. 

Base 

Top 

dP 

Board  feet 

Cubic  feet 

1 

2 

3 

4 

5 

6 

-J-— 

Figure  20. --Record  form  for  use  with  individual- tree  aerial  volume  tables. 
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Table   5. --Aerial    volume    table      for   sawlog-size   longleaf  pine    trees   of  Form  Class  801 


Crown 

Total 

visible  hej 

ght 

diameter 

50 

60 

70 

80 

90 

100 

110 

( feet) 

f 

?et 

feet 

feet 

feet 

feet 

feet 

feet 

/-  u  ■         ft                     .J       U        1 

10 

9 

15 

10.17 

11.19 

12.20 

13.22 

12 

11 

53 

12.88 

14.41 

15.93 

17.46 

18.81 

14 

13 

72 

15.70 

17.68 

19.67 

21.49 

23.47 

25.45 

16 

18.87 

21.29 

23.87 

26.29 

28.87 

31.29 

18 

21.69 

24.77 

27.69 

30.77 

33.85 

36.77 

20 

25.61 

29.24 

32.88 

36.67 

40.30 

43.94 

22 

29.70 

34.18 

38.51 

42.84 

47.16 

51.49 

24 

39.41 

44.41 

49.56 

54.71 

59.85 

26 

45.25 

51.24 

57.08 

63.07 

69.05 

28 

51.59 

58.40 

65.22 

72.  17 

78.^9 

30 

58.27 

66.04 

73.81 

81.73 

89.50 

Reprinted    from   (13).      Basis:       60    longleaf   pines   measured    in    southeast    Louisiana. 


Table  6.--A 

erial 

V'O 

lume 

table 

fo 

r  sawlog-size 

loblc 

11 

y 

,    slash,    and  shortlea 

f  pine 

trees 

of  Form  Class 

80  i 

Crown 

Total 

visible 

hei 

prht 

diameter 

5C 

> 

60 

70 

80 

90 

100 

110 

(feet) 

fee 

t 

feet 

feet 

feet 

feet 

feet 

feet 

-  -Cubic    i 

eet ,    inside 

bark  - 

10 

10. 

9 

13.0 

15.2 

17.4 

19.6 

12 

13. 

3 

17.0 

18.5 

21.1 

24.1 

26.7 

14 

16. 

3 

19.7 

22.7 

26.0 

29.3 

32.7 

36.0 

16 

22.6 

26.2 

30.0 

33.8 

37.6 

41.5 

18 

26.2 

30.5 

34.9 

39.5 

43.8 

48.1 

20 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

22 

34.5 

40.2 

46.0 

51.9 

57.6 

63.3 

24 

45.7 

52.3 

58.9 

65.4 

72.0 

26 

50.2 

57.4 

64.7 

71.9 

79.2 

28 

55.9 

63.9 

72.0 

80.0 

88.0 

30 

61.8 

70.6 

79.4 

88.2 

97.1 

1  Reprinted    from   (13).      Basis:       200    trees   measured    in    southeast   Louisiana    and 
southwest   Mississippi. 
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STAND  VOLUME  PER  ACRE 

If  recent  photographs  and  reliable  aerial  stand- volume  tables  can  be 
obtained,    average  stand  volume  per  acre  can  be  estimated  with  a  minimum  of 
field  work.      Estimates  are  made  in  terms  of  gross  volume,    as  amount  of  cull 
or  defect  cannot  be  adequately  evaluated.      Even-aged  stands  of  simple  species 
structure  are  best  suited  for  this  type  of  estimate,    especially  where  gross  and 
net  volumes  are  essentially  identical.     All-aged  stands  of  mixed  hardwoods 
are  more  difficult  to  assess,    but  satisfactory  results  can  be  obtained  where 
field  checks  are  made  to  adjust  the  photo  estimate  of  stand  volume  per  acre 
and  make  allowance  for  defect.      Though  photo  volumes  cannot  be  expressed  by 
species  and  diameter  classes,    total  gross  volumes  for  areas  as  small  as  40 
acres  can  be  estimated  within  10  percent  of  ground  volumes  (15). 

Most  aerial  stand-volume  tables  for  mixed  species  are  constructed  in 
terms  of  cubic  feet  per  acre.      Tables  for  species  occurring  naturally  in  pure 
stands,    such  as  longleaf  pine,    may  be  expressed  either  in  board  feet  or  cubic 
feet  per  acre.      The  three  photographic  measurements  generally  required  for 
entering  an  aerial  stand  volume  table  are: 

Average  total  height  of  the  dominant  stand. 
Average  crown  diameter  of  the  dominant  stand. 
Average  crown  closure  percent  of  the  dominant  stand. 

In  some  tables,    crown  diameter  is  eliminated  as  a  variable  and  only  the  other 
two  items  are  required. 

It  is  desirable  to  have  aerial  stand-volume  tables  for  all  species  groups 
that  can  be  consistently  separated  on  available  photography.      The  only  pub- 
lished tables  for  southern  timber,    however,    are  a  cordwood  table  for  loblolly 
and  slash  pine  in  Louisiana  (13)  and  a  cubic-foot  table  for  Kentucky  hardwoods 
(16).      These  tables  are  included  (tables  7  and  8),    along  with   a   form    for    re- 
Table    7. --Aerial   photo   stand-volume    table    for  Louisiana    loblolly  and  slash  pines1 

( Pulpwood   volume    in   standard  rough   cords   per   acre,2 frees    of  average  Form  Class   77) 


Average  total 

Crown  closure,  all  trees  5  inches  d.b.h.  and  up  to  variable  top  diameter 

visible  height 
(feet) 

15 
percent 

25 
percent 

35 
percent 

45 
percent 

55 
percent 

65 
percent 

75 
percent 

85 
percent 

95 
percent 

30 

40 
50 

60 
70 
80 


2.7 

4.5 

6.3 

8.2 

3.6 

6.1 

8.5 

10.9 

4.6 

7.6 

10.7 

13.7 

5.5 

9.2 

12.9 

16.5 

6.4 

10.7 

15.0 

19.3 

7.4 

12.3 

17.2 

22.1 

10.0 

11.8 

13.6 

15.4 

17.2 

13.4 

15.8 

18.2 

20.7 

23.1 

16.8 

19.8 

22.9 

25.9 

29.0 

20.2 

23.9 

27.5 

31.2 

34.9 

23.6 

27.9 

32.2 

36.5 

40.8 

27.0 

31.9 

36.8 

41.8 

46.7 

1  Compiled  from  original  data  by  C  O.  Minor,  School  of  Forestry,  Louisiana  State  University,  1953. 
Based  on  57  plots  from  southeastern  Louisiana. 

Volume  of  trees  4.6  inches  and  up  —   (0.62  height  —  0.48)  x  density. 
Correlation  coefficient  (r)  :r  +  0.90. 
Standard  error  of  estimate  =  2.2. 

2  Rough  conversion  to  cubic  feet  per  acre  can  be  made  by  multiplying  volumes  by  75. 
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Table  8 . --Gross   cubic- foot    volume  per   acre    for  Kentucky  hardwood   stands    by  average 
stand  height,    crown   diameter ,    and  crown   coverage1 ,     2,     3 

10-    to   14- FOOT   CROWN    DIAMETER 


30 
40 
50 
60 
70 


30 
35 


40 
55 

90 


10  cubic    feet 


45 
50 


55 

80 

125 


50 
60 
70 


95 
140 


Average 

Crown  cover 

stand  height 
(feet) 

15 
percent 

35 
percent 

55 
percent 

85 
percent 

70 
75 
90 


120 
160 


15-    to   19-FOOT   CROWN    DIAMETER 


30 
40 
50 
60 
70 
80 


35 

40 


45 

60 

100 


150 


45 
50 


55 


60 

85 

130 


175 


65 

75 

105 

150 

190 


75 
85 


100 
120 
165 
210 


20-    to  29- FOOT   CROWN    DIAMETER 


40 
50 
60 
70 
80 
90 
100 


50 
60 

7  5 
90 

95 
110 

120 
135 

90 

120 
160 
205 
250 
300 

135 

175 
220 
265 

315 

155 
195 
240 
285 
330 

I  135 

175 
220 
270 

30+    FOOT   CROWN    DIAMETER 


40 
50 
60 
70 
80 
90 
100 
110 


85 
105 
130 


170 


215 
260 
305 
360 


120 
135 
160 

200 


240 


285 
330 
380 


135 
150 
170 
215 
260 
300 
345 
395 


155 
170 
195 
235 
280 
320 
360 
415 


*  Reprinted    from   (16). 

2  Figures   within    the   blocked    areas    are    based    on    field    data. 

3  Volume    to   4-inch    top   diameter,     inside   bark. 


cording  measurements  on  photo  plots  (fig.  21).  The  tables  may  be  used  to 
obtain  gross  volume  in  many  areas  of  the  South,  but  the  estimates  should  be 
adjusted  by  field    samples. 
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State 


County 


Sec. 


Plot 


Photo  N'os. 


Photo  date 


Av-   photo  base 


PI  date 


Land  classification:  (Forest)  (Cultivated)  (Idle)  (Pasture)  (Water)  (Urban') 


Parallax  readings  for  5  trees 


Reading 

Base 

Top 

dP 

1 

2 

3 

4 

5 

Total  dP 

Average  dP 

Parallax  factor 

Av.  total  height 

Total  height  class 
(nearest  10  feet) 

Forest  type:  (P)  (P-H)  (UH)  (BH)  (      ) 
Size  class:  (Saw)  (Poles)  (Seed-Saps)  (       ) 

Crown  diam.  class:  (51)  (101)  ( 15  '  )  ( 20  '  ) 
(25')  (30'+) 

Crown  closure:   (5%)  (15%)  (25%)  (35%)  (45%) 
(55%)  (65%)  (75%)  (85%)  (95%) 

Gross  volume  per  acre 
Interpreted  by 


Figure  21. --Plot  record  card  for  use  with  stand  aerial  volume  tables. 


The  publication  in  which  the  hardwood  table  originally  appeared  (16) 
outlines    a   procedure    by    which    it    can   be    adapted   for    use    in    other    areas: 

(1)  Outline  tract  boundaries  on  the  photographs,    utilizing  the 
effective  area  of  every  other  print  in  each  flight  line.    This 
assures   stereoscopic  coverage  of  the  area  on  a  minimum 
number  of  photographs  and  avoids  duplication  of  measure- 
ments by  the  interpreter. 

(2)  Delineate  all  forest  types.  Except  where  type  lines  define 
stands  of  relatively  uniform  stocking  and  total  height,  they 
should  be  further  broken  down  into  homogenous  units  so 
that  measures  of  height,  density,  and  crown  diameter  will 
apply  to  the  entire  unit.  Generally,  it  is  not  necessary  to 
recognize  stands  smaller  than  5  to  10  acres  in  this  break- 
down. 

(3)  Determine  the  acreage  of  each  condition  class  with    dot 
grids.      This   can  often  be  done  on  contact  prints. 

(4)  By  stereoscopic  examination,  measure  the  variables  for 
entering  the  aerial  stand  volume  table.  From  the  table, 
obtain  the  average  volume  per  acre  for  each  condition  class. 

(5)  Multiply  gross  volumes  per  acre  from  the  table  by  con- 
dition class  areas  to  determine  gross  volume. 
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(6)    Add  class  volumes  for  the  total  gross  volume  on  the  tract. 

An  alternative  system  of  making  direct  photo  volume  estimates  has 
been  employed   by   Moessner    and    Jensen  (15),     Interpretation  is  based  on  a 
classification  of  systematically  arranged,    one-acre  circular  plots  located 
with  a  transparent  templet. 

(1)  Outline  tract  boundaries  on  photographs  and  prepare  a  templet 
on  transparent  plastic.      Templets  usually  have   16,    25,    or  36 
equally    spaced,    one-acre  circles  for  transferring  to  the  central 
area  of  each  9-   by  9-inch  print.      (The  number  of  plots  required 
for  an  accurate  estimate  of  stand-size  acreage  can  be  com- 
puted by  the  formula  in  the   section  on  area  measurement,    p.  19.) 

(2)  Tally  all  forest  plots  by  type  and  stand-size.      Compute  the 
area  of  each  class  by  applying  proportions  to  the  gross  forest 
acreage. 

(3)  Interpret  all  or  a  portion  of  the  plots  to  determine  the  gross 
volume  per  acre.      Every  fifth,    tenth,    or  twentieth  plot  within 
each  class  can  be  taken,    depending  on  accuracy  desired.      It 

is  generally  advisable  to  measure  4  to   10  times  as  many  photo 
plots  as  would  be  required  for   similar  accuracy  in  ground 
cruising. 

(4)  Determine  the  average  volume  per  acre  for  each  type  and 
size  class.      Multiply  by  acreage  to  obtain  the  gross  volume 
in  each  class  and  total  volume  for  the  tract. 

Adjusting   photo  volumes  by   field  checks .  -  -When  aerial  volume  tables 
are  not  sufficiently  reliable  for  acceptance  of  pure  photo  estimates  and  al- 
lowance must  be  made  for  defective  trees,    some  of  the  plots  interpreted 
should  be  mechanically  selected  for  field  measurement.      For  example,    if  350 
plots  were  interpreted  and  every  tenth  plot  selected,    35  plots  would  be  visited 
in  the  field.      If  the  field  volumes  averaged  600  cubic  feet  per  acre  as  opposed 
to  800  cubic  feet  per  acre  for  the  photo  plots,    the  adjustment  ratio  would   be 
600-^800  or  0.  75.      If  the  35  field  plots  are  representative  of  the  total,    the  ratio 
can  be  applied  to  the  average  photo  volume  per  acre  to  determine  the  adjusted 
volume  per  acre.      It  is  desirable  to  compute  ratios  by  stand  condition  classes, 
because  hardwoods  are  likely  to  require  larger  adjustments  than  pines. 

The  accuracy  of  aerial  cruises  depends  not  only  upon  the  volume  tables, 
but  on  the  availability  of  recent  photographs  and  the  ability  to  make  photo 
measurements  correctly.      This  last  item  may  be  the  greatest  single  source  of 
error.      It  is  advisable  to  measure  each  photo  variable  twice  for  an  average,  or 
to  have  two  interpreters  assess  each  plot.      Worley  and  Meyer  (11)  have  pointed 
out  means  of  reducing    interpreter    errors    in   making  photo  volume    estimates. 
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Photo  volume  estimates  for  a  single  plot  are  rarely  as  reliable  as  the 
field  tally  of  the  same  plot.      Values  in  aerial  stand-volume  tables  represent 
averages  for  several  highly  variable  plots,    all  of  which  may  reflect  identical 
photo  measurements.      Thus  photo  volumes  are  reliable  only  when  the  average 
volume  per  acre  of  25  to  50  plots  has  been  computed.      The  tabulation   below 
illustrates  this  point.      Twenty  1-acre  plots  in  upland  hardwood  stands    were 
selected  for  interpretation  on  1:20,  000  panchromatic  aerial  photographs. 
Crown  diameter,    total  height,    and  crown  closure  measurements  for  each  plot 
were  applied  to  table  8  for  determination  of  gross  cubic  volumes  per    acre. 
The  twenty  plots  were  then  measured  in  the  field  for  a  comparison   of   esti- 
mated and  actual  volumes.     It  will  be  noted  that  paired  plot  volumes  vary  con- 
siderably from  field  values,    but  that  the  average  volume  per  acre  agrees  well. 


Pho 

to  measurements 

Gross  volume  per 

acre 

Plot 

Crown 
diam.  class 

Total 
height  class 

Crown 
closure 

Table  8 

F 

ield 

-   -   -  Fe 

et  -      -  - 

Percent 

-  Cubic 

feet    - 

- 

1 

10-14 

30 

15 

300 

154 

2 

10-14 

30 

15 

300 

144 

3 

10-14 

40 

35 

500 

312 

4 

20-29 

70 

15 

1,350 

1 

,088 

5 

10-14 

30 

15 

300 

342 

6 

10-14 

30 

35 

450 

376 

7 

15-19 

30 

35 

450 

364 

8 

15-19 

50 

15 

450 

310 

9 

15-19 

60 

55 

1,050 

820 

10 

15-19 

70 

35 

1,300 

966 

11 

20-29 

60 

15 

900 

620 

12 

15-19 

80 

15 

1,500 

1 

,836 

13 

15-19 

50 

15 

450 

736 

14 

20-29 

50 

15 

600 

518 

15 

15-19 

50 

55 

750 

970 

16 

10-14 

40 

15 

350 

406 

17 

15-19 

50 

55 

750 

976 

18 

15-19 

60 

35 

850 

878 

19 

15-19 

40 

15 

400 

392 

20 

15-19 

50 

55 

750 

576 

Total  volum< 

?s 

13,750 

12 

,784 

Average  per 

acre 

687.5 

639.2 

If  these  plots  are  assumed  to  be  typical  of  all  upland  hardwood  plots 
interpreted,    the  field-adjustment  ratio  of  0.  93  (639.  2^687.  5)  can  be  applied 
to  correct  volumes  on  other  photo  plots  that  are  not  field-checked.      The  ad- 
justed volume  per  acre  is  then  multiplied  by  the  type  acreage  to  obtain  the 
total  volume  within  each  stratum. 
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GROUND  CRUISING  WITH  PHOTOGRAPHIC  CONTROL 

A  photo-controlled  ground  cruise  combines  the    features  of  aerial  and 
ground  estimating,    offering  a  means  of  obtaining  timber  volumes  with  max- 
imum efficiency.      Photographs  are  used  for  area  determination,    for  allocation 
of  field  samples  by  forest  type  and  stand-size  classes,    and  for  designing  the 
pattern  of  field  work.      Tree  volumes,    growth,    cull  percents,    form  class,    and 
other  data  are  obtained  on  the  ground  by  conventional  methods.      Johnson  (6) 
has  shown  that  a  photo-controlled  cruise  may  increase  the  efiiciency  and  re- 
duce the    total    cost    of   an   inventory    on   tracts    as    small    as    500   acres. 

There  are  two  approaches  to  an  inventory  of  this  kind.      With  the  first 
system,    forest  types  are  delineated  on  the  entire  tract  and  transferred  to  base 
maps,    after  which  areas  are  measured  on  the  type  map  (4,    18).      The  second 
method  does  not  require  a  map;  type  areas  are  determined  by  a  classification 
of  photo  plots  as  in  aerial  cruising.      As  this  approach  is  basically  covered  in 
the  preceding  section,    the  type-map  method  will  be  outlined  here. 

Phase   I,    Photo  Interpretat ion 

(1)     Delineate  tract  boundaries  on  alternate  photographs  in  each 
flight  line.      This  reduces  by  one-half  the  number  of  photos  to 
be  handled  later  in   transferring    types    to    the    base    map. 


(2)    Set  up  a  simple  coding  system  such  as  that  below,    based  on 

photo  variables  that  can  be  measured  with  reasonable  accuracy. 
Do  not  attempt  to  make  extra  fine  stratifications  that  ■will  re- 
quire guesswork. 


Forest  type    Code 


Total  height 
class 


Code 


Crown  density 
class 


Code 


Mixed  pine  MP 
Pine-hardwood  PH 
Hardwood        H 


0-20 

ft. 

I 

5-35  percent 

A 

21-40 

ft. 

II 

35-65  percent 

B 

41-60 

ft. 

III 

65-100  percent 

C 

61  + 

ft. 

IV 

A  type  designated  PH-II1-B  would  indicate  a  stand  of  pine- 
hardwoods,    41  to  60  feet  tall,    with  a  density  of  35  to  65 
percent. 

(3)     By  stereoscopic  examination,    delineate  and  code  all  forest 
types  and  stand- size  classes  down  to  a  minimum  of  5  to  1 0 
acres.      Make  certain  that  types  "tie  in"  when  adjacent  photos 
are  overlapped  in  mosaic  fashion.      Prints  from  adjacent 
flight  strips  should  be  viewed  with  a  lens  stereoscope  as  an 
aid  in  matching  types. 


35 


(4)  Check  as  many  classifications  in  the  field  as  possible.      This 
can  be  done  by  driving  over  roads  and  trails  in  the  area  and 
making  code  corrections  on  the  photographs  with  a  china- 
marking  pencil.  Aerial  reconnaissance  may  be  feasible  for 
large  tracts  (5).     Attempt  to  visit  at  least  one  example  of 
each  type  and  stand- size  classified;  then  concentrate  on  the 
more  difficult  identifications.     Adjust  all  types  on  the  basis 
of  field  corrections. 

(5)  Prepare  a  base  map  for  transfer  of  photo  detail,    using  ex- 
isting maps  if  possible.      The  process  is  simplified  if  the  map 
can  be  enlarged  or  reduced  to  correspond  with  the  average 
photo  scale. 

(6)  Transfer  forest  types  to  the  base  map  as  previously  outlined. 
All  types  will  then  be  reduced  to  a  common  scale  for  pre- 
cise area  measurement.     After  determining  the  area  of  each 
type  and  stand- size  class,    obtain  a  total  acreage  for  each 
class  that  will  be  sampled  with  a  different  intensity  in   the 
field. 

Phase  II ,    Allocation   of  Field  Samples 

The  total  number  of  field  samples  to  be  taken  will  generally  be  deter- 
mined by  basic  cost  considerations  and  the  productivity  of  field  crews  (4,   18). 
Once  the  number  has  been  determined,    there  are  several  ways  in  which  the 
samples  may  be  distributed  among  the  various  photo  classifications: 

By  area  of  each  class.      Though  sometimes  used,    this  method  is 
often  unsatisfactory,    as  stands  of  low  value  may  occupy  the  great- 
est acreage,    while  high-value  stands  would  be  insufficiently 
sampled.      The  opposite  extreme  might  result  if  value  alone  (vol- 
ume-per-acre  classes)  was  used. 

By  making  a  certain  percent  cruise  for  each  class.     A  20  percent 
cruise  might  be  used  for  high-value  stands,    10  percent  for  medium 
value,    and  5  percent  or  less  for  low-value  areas.      This  arbitrary 
method  is  better  than  using  acreage  alone,    but  it  may  not  be  the 
most  economical    and   efficient. 

By  statistical  methods.      This  requires  a  preliminary  cruise  or  a 
good  estimate  of  the  variability  within  each  class  before  the  re- 
quired number  of  plots  per  class  can  be  computed.      It  is  suitable 
for  large  tracts,    but  may  be  costly  or  unwieldy  for  small  areas. 

By  a  combination  of  area  and  value  (volume).      This  is  the  pre- 
ferred approach  for  small  areas.      Two  allocation  methods  will  be 
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presented,    one  based  on  arbitrary  weighting  of  photo  variables 
according  to  area  and  value,    the  other  based  on  area  and  a  rough 
estimate  of  volume  per  class. 

Allocation  by  weighting   photo  variables .-- Assuming  that  a  total  of  400 
field  plots  will  be  measured,    the  coded  photo  variables  are  weighted  according 
to  relative  importance,    giving  consideration  to  both  area  and  value.     Here,  the 
three  forest  types  are  weighted  as  tollows:     P=5,    PH=3,    and  H=2.       Density 
classes,    beginning  with  the  lowest,    are  weighted  Z,  5,    and  3,    and    height 
classes,    1,    Z,    3,    and  4,    in  increasing  order.      To  simplify  calculations, 
classes  and  weights  are  arranged  as  in  Table  9. 


Table  9.  --A1 locat ion   of  400    field  plots   by  assigning   weights    to  photo   var iables    1 


Total 
heights 


PINE 

Weight    5  =  200    plots. 

By   crown  density   classes-- 


PINE- HARDWOOD 

Weight    3  =  120  plots. 

By  crown   density   classes-- 


HARDWOOD 
Weight    2  =  80  plots. 
By   crown  density   classes- 


Class 
(feet) 


Weight 


5-35 
percent 
Weight    2  = 
40   plots 


35-65 

percent 

Weight    5  = 

100  plots 


65-100 

percent 

Weight    3  = 

60    plots 


5-35 

percent 

Weight    2  = 

24   plots 


35-65 

percent 

Weight    5  = 

60  plots 


65-100 
percent 
Weight    3  = 
36   plots 


5-35 

percen  t 

Weight    2  = 

16   plots 


35-65 

percent 

Weight    5  = 

40   plots 


65-100 

percent 

Weight   3  = 

24   plots 


0-20 

1 

4 

10 

6 

2 

6 

4 

2 

4 

2 

21-40 

2 

8 

20 

12 

5 

12 

7 

3 

8 

5 

41-60 

3 

12 

30 

18 

7 

18 

11 

5 

12 

7 

61+ 

4 

16 

40 

24 

10 

24 

14 

6 

16 

10 

Total 

40 

100 

60 

24 

60 

36 

16 

40 

24 

1  Calculations    are    simplified    if  weight    total    for    each   class    is    10  or    a   multiple    thereof,    as    in    this    case. 

The  weight  total  assigned  to  each  of  the  three  classes  is  ten.      Thus  pine 
stands  (weight  5)  will  receive  5/10  or  ZOO  of  the  total  plots,    3/10  or   1Z0  will  be 
in  pine-hardwoods,    and  Z/10  or  80  in  hardwoods.      The  proportions  for  each 
height  and  density  class  are  similarly  computed:     within  the  pine  type,    5/10  or 
100  of  the  ZOO  plots  will  be  in  the  middle  density  class  of  35-65  percent,    and 
of  these   100  plots,    2/10  or  20  plots  will  be  taken  in  the  21-  to  40-foot  total 
height  class,    and  so  on.      Where  proportions  result  in  fractional  numbers  of 
plots,    these  are  rounded  off  to  the  nearest  whole  number. 

It  will  be  noted  that  the  middle  density  class  (35-65  percent)  is  given 
the  largest  weight  of  5  even  though  the   65-100  percent  class  presumes  greater 
volume  per  acre.      This  weighting  better  distributes  the  samples  over  the  largest 
area,    assumed  here  to  be  in  the  middle  density  class.     If  the  weight  of  5    were 
assigned  to  the  65-100  percent  class,    the  greatest  number  of  plots  (40)  would 
be  assigned  in  the  height  group  for  trees  61  feet  or  taller.      Stands     with    the 
greatest  volume  per  acre  often  occupy  small  areas;  thus  the  density  weight  of 
3  appears  more  appropriate  for  compromising  the  distribution  between   area 
and  value.     Relative  weights  of  the  height  classes  or  forest  types  might  also  be 
altered  to  make  allowances  for  the  area  factor.      By  trying  several  combina- 
tions,   the  forester  can  arrive  at  final  weights  that  will  control  both  the  min- 
imum and  maximum  number  of  plots  taken  in  any  category. 


37 


Allocation  by  area  and  estimated  volume  .--It  is  assumed  that  the  tract 
area  is  1,  600  acres  and  that  400  field  plots  are  to  be  distributed  among  three 
forest  types  (P,  PH,  and  H)  and  three  volume  classes  within  types  (5,  8,  and 
12  cords  per  acre).     The  method  is  adopted  from  Johnson  (4),    and  Spurr  (18). 


(1)     Stratify  each  forest  type  into  volume-per-acre  classes  on  the 
basis  of  personal  experience  or  with  aerial  stand- volume 
tables.      Precision  is  not  required  as  the  volume  classes  are 
used  only  as  a  guide.      Tabulate  by  type  and  acreage  as   shown 
below: 


Cords 

*e 

Ac 

reage 

by  i 

:orest 

typ 

es 

per  aci 

Pine 

Pine-hai 

dwood 

Ha 

rdwood 

5 

120 

200 

100 

8 

100 

500 

350 

12 

Tot? 

»ls 

80 
300 

100 
800 

50 
500 

(2)     Multiply  the  number  of  acres  in  each  of  the  above  classes  by 
the  cord  volume  per  acre.      This  yields  the  number  of  cords 
per  class: 


Pine 


5   x    120  =  600 

8  x    100  =  800 

12   x      80  =  960 

Totals 


Pine-hardwood 

5   x   200      =      1,000 

8   x   500     =     4,000 

12   x    100     =      1,200 


Ha  rdwood 


5  x    100     =  500 

8  x   350     =     2,800 

12  x     50     =         600 


2,360 


6,200 


3,900 


3)    Add  the  cordage  in  each  class  to  get  the  total  for  the  entire 
area:     2,  360  +  6,  200  +  3,  900  =   12,  460  cords.      Divide  by  the 
number  of  plots  to  get  the  number  of  cords  per  plot: 
12,460 


400 


=  31.  15  cords  per  plot. 


(4)     Divide  the  volume  for  each  class  (item  2)  by  the  cord  volume 
per  plot  to  get  the  number  of  plots  assigned  to  each  class. 
Round  off  to  the  nearest  whole  number.      Add  the  plots  for 
each  class  to  make  sure  the  total  (400)  is  correct. 


Pine 


600 

3T1¥=19-26(19) 

3^=25.68(26) 


960 


31.15 

Plot    totals 


=  30.82   (31) 


(76) 


Pine -ha rdwood 

1,000 

5TT?=    32-10    <32) 

4   000 

j^j±  =  128.41   (128) 

iof=     38.52  _(39) 

(199) 

Total:    400  Plots 


Hardwood 


500 
31.15 


=  16.05   (16) 


|p?|  =  89.88  (90) 

5ris  =  19-26-iH2 

(125) 


Phase  III ,    Arrangement    of  Ground  Samples 

If  type  boundaries  have  been  accurately  delineated  and  stands  are 
homogeneous  within  the  recognized  classes,    field  plots  can  sometimes  be  taken 
along  routes  of  easy  travel  without  introducing  much  bias  (4,    6).       Usually, 
though,    it  is  necessary  to  lay  out  line-plot  or  strip  cruises  across  the  area  to 
sample  all  classes  with  the  desired  intensity.      These  lines   should  be  drawn  to 
scale  on  the  prepared  type  map  in  such  a  way  that  the  required  number    of 
samples  within  each  class  can  be  obtained.      The  number  of  plots  or  chains  of 
strip  that  a  crew  can  complete  per  day  is  the  basis  for  calculating  the  lengths 
of  the  lines.      To  minimize  travel,    lines  should  be  triangular  or  U-shaped, 
beginning  and  ending  near  the  same  starting  point  on  a  road  or  trail.      Compass 
bearings  and  distances  can  be  determined  on  the  map  to  avoid  location  bias  in 
the  field.      The  cruise  lines  can  then  be  placed  on  the  photographs  for  use  in 
the  field,    if  desired. 

Field   measurements    are    taken   by    conventional    procedures.      Cumu- 
lative   tally  sheets  or    point- sampling    may  be  employed   to    speed  up  the    tree 
tally.      After  the  cordage  per  acre  for  each  volume  class  has  been  determined 
by  field  sampling,    the  values  are  multiplied  by  the  appropriate  stand  acreages. 
The  result  is  the  total  volume  on  the  tract,    by  forest  types.      Basic  calculations 
are    illustrated   below: 


PINE    TYPE 


Total 


76 


300 


Assumed 
volume   class 
(cords   per   acre) 

Field   plots 

Field   volumes 

Type   area 

Volume 
per   class 

5 

8 

12 

Number 

19 
26 
31 

Cords   per   acre 

3.9 

8.2 

11.3 

Acres 

120 

100 

80 

Cords 

468.0 
820.0 
904.0 

2,192.0 


PINE -HARDWOOD    TYPE 


5 

8 

12 

Total 


32 

128 
39 

199 


5.8 

200 

1,160.0 

7.7 

500 

3,850.0 

14.1 

100 

1,410.0 

800 


6,420.0 


5 

8 

12 

Total 


16 
90 
19 

125 


HARDWOOD    TYPE 

4.7 

8.6 

13.5 


100 

350 

50 

500 


470.0 

3,010.0 

675.0 

4,155.0 
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ABSORPTION  AMD  PENETRATION  OF  PRESERVATIVES  APPLIED  TO 
SOUTHERN  PUtfE  WOOD  BY  DIPS  OR  SHORT-PERIOD  SOAKS 


A.  F.  Verrall 
Southern  Forest  Experiment  Station 


It  is  generally  conceded  that  preservatives  applied  to  wood  by 
dipping  or  short -period  soaks  usually  afford  only  surface  protection . 
Non-decay-resistant  woods  given  such  treatments  last  hut  .slightly  longer 
than  untreated  wood  in  severe  soil  burial  tests  (l )  .±J        On  the  other 
hand,  dip-  and  soak-treated  wood  has  lasted  surprisingly  long  in  above- 
ground  exposure  where  the  decay  hazard  is  created  by  rain  seepage  into 
joints  (28) .  A  3_minu"be  dip  in  a  water-repellent  preservative  is  a 
standard  treatment  for  window  sash,  and  although  accurate  service  records 
are  not  available  the  general  impression  is  that  the  treatment  has  mark- 
edly reduced  stain  and  decay* 

During  the  past  15  years,  the  Southern  Forest  Experiment  Station 
has  been  conducting  extensive  field  exposure  tests  on  the  effectiveness  of 
brush,  dip,  and  short-period  soaks  in  protecting  wood  exposed  off  the  ground 
but  subject  to  rain  seepage  at  joints  (28).   In  conjunction  with  these  tests, 
numerous  observations  and  measurements  were  made  on  absorptions  and  penetra- 
tions by  these  simple  applications »  General  statements  based  on  these 
studies  have  been  made  in  reports  on  the  service  tests  (28),  but  the  actual 
data  are  here  published  for  the  first  time.   It  is  hoped  that  they  will  be 
helpful  in  delimiting  the  usefulness  of  dip  and  soak  applications  and  in 
preventing  undue  reliance  on  treatments  whose  effectiveness  is  not  com- 
mensurate with  the  decay  hazards  involved. 


l/  Underscored  numbers  in  parentheses  refer  to  Literature  Cited,  p.  29 • 


SUMMARY  OF  RESULTS 


With  dips  and  short-period  soaks  liquids  moved  into  southern  pine 
wood  mainly  through  the  wood  and  ray  tracheitis  .  Resin  ducts  were  pene- 
trated for  long  distances  beyond  the  generally  treated  wood  with  no 
evidence  that  the  solutions  spread  from  the  ducts  to  surrounding  tissues . 
Resin  ducts,  therefore,  played  an  unimportant  role  in  these  tests  (page  7) 

The  absorption  and  penetration  of  water  and  light  oils  were  found 
to  vary  with  the  characteristics  and  condition  of  the  wood,  and  with 
treating  conditions : 


Wood  characteristics  .--The  ratios  of  absorptions  through  radial, 
tangential,  and  transverse  surfaces  were  l/l.. 7/11-7  a^d  of  penetrations 
in  tangential,  radial,  and  longitudinal  directions  l/l. 6/11.2.   Thus 
penetrations  were  directly  proportional  to  absorptions  (tables  1  and  2, 
pages  6-8),. 

There  were  often  significant  differences  in  treatability  of  samples 
from  different  boards  or  trees .   In  some  cases  at  least,  these  appeared 
to  be  inherent  differences  not  associated  with  infections,  straightness 
of  grain,  or  other  obvious  characteristics  (table  6,  pages  9.?  13)° 

Sapwood  treated  much  more  readily  than  heartwood  from  the  same 
board  but  among  boards  there  was  an  occasional  overlapping  between  heart 
and  sap  samples .   Next  to  the  heartwood  there  appeared  to  be  a  layer  of 
sapwood  of  low  permeability.   In  general,  summerwood  showed  greater  pene- 
tration than  springwood,  particularly  in  fast-grown  samples  (tables  3 
and  kf   pages  9-ll)~ 

There  was  an  indication  that  absorptions  are  inversely  proportional 
to  specific  gravity,  but  the  relationship  was  not  established  statisti- 
cally (tables  5  and  6,  pages  12-13). 


Wood  condition .--When  treated  at  the  same  moisture  content,  kiln- 
dried  wood  appeared  more  permeable  to  oil  and  less  permeable  to  water 
than  air-dried  wood.   Further  tests  would  be  necessary  to  establish  such 
a  relationship,  however  (table  7 >   pages  13-15)- 

Both  above  and  below  the  fiber-saturation  point  absorptions  were 
inversely  proportional  to  the  moisture  content  of  the  wood  (tables  8 
and  9,  pages  15-l6). 

Rough  lumber  absorbed  1-7  times  as  much  oil  as  planed  samples  of 
the  same  size  (pages  16-17) 
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Fungus  infections  markedly  affected  absorptions  and  penetrations . 
The  mold  Tricho derma  and  a  decay  fungus  increased  permeability  greatly. 
This  applied  to  both  longitudinal  and  transverse  penetration  but,  in 
the  case  of  the  mold,  the  greatest  increase  was  through  the  tangential 
surface  or  in  a  radial  direction.   The  mold  Pen ic ill turn  and  stain  fungi 
caused  a  less  marked  increase  in  permeability  (tables  10-13,  pages  17-21). 

Treating  conditions o- -A  high  proportion  of  the  total  absorption 
occurred  during  the  first  few  seconds  of  immersion.   The  rate  of  further 
absorption  decreased  rapidly  with  increased  immersion  time  (table  14, 
pages  21-2l|-). 

The  addition  of  water  repellents  to  an  oil  solution  significantly 
reduced  both  absorption  and  penetration,  but  this  disadvantage  must  be 
weighed  against  the  effect  of  water  repellents  in  turning  liquid  water 
and  thus  reducing  decay  hazard  (30.)  (table  15,  pages  24-25). 

Wood  given  3-  to  10-minute  dips  in  pentachlorophenol  alone  or 
with  water  repellents  was  resistant  to  further  treatment  for  several 
weeks.  After  8  months,  only  wood  treated  with  water  repellents  was  still 
resistant  to  retreatment  (table  l6,  pages  2h?   26-27) • 

Ordinary  variations  in  air  temperatures  in  the  Gulf  States  did 
not  appear  to  affect  the  viscosity  of  light  oils  sufficiently  to  affect 
absorptions  measurably   However,  fluctuations  in  air  temperatures  some- 
times did  affect  absorptions,  presumably  because  mild  hot-and-cold  or 
cold-and-hot  treatments  resulted  from  different  heating  and  cooling  rates 
of  wood  and  oil  (pages  26,  28) 0 

Most  of  the  differences  found  are  probably  of  little  practical  im- 
portance because  it  is  seldom  that  the  associated  factors  are  subject  to 
control.   The  data  indicate  that,  barring  fungus  infections,  any  likely 
on-the-job  application  will  result  in  little  lateral  penetration  into 
the  wood.   One  important  factor  that  is  controllable  is  moisture  content 
of  the  wood  at  the  time  of  treatment,   Wood  should  definitely  be  well 
below  fiber  saturation  prior  to  treatment  by  dip  or  short-period  soako 
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MATERIALS  AND  METHODS 

The  wood  was  southern  yellow  pine  of  2  general  types: 

(1)  Commercial  kiln-dried  lumber  was  used  in  about  half  the  tests. 
The  boards  were  selected  for  apparent  absence  of  fungus  infections,  knots, 
resin  pockets,  and  similar  defects.   No  attempt  was  made  to  weed  out 
slightly  off -grain  boards,  except  that  samples  for  special  tests  on  radial, 
tangential,  and  longitudinal  penetrations  were  selected  for  trueness  of 
grain.   In  most  cases,  wood  species  could  not  be  determined,  but  probably 
all  the  important  southern  yellow  pine  species  were  represented.   The 
lumber  originated  in  Arkansas,  south  Mississippi,  and  central  Alabama. 

(2)  The  other  samples  were  prepared  from  green  wood—either  freshly 
sawn  lumber  secured  at  mills  or  cut  from  freshly  felled  longleaf  pine 
trees .   The  green  samples  were  air-dried  or  kiln-dried  and  handled  so  as 
to  exclude  or  to  favor  fungus  infections  as  desired.  Except  for  special 
comparisons,  samples  were  surfaced  after  seasoning  to  correspond  to 
commercial  practice. 

In  general,  lumber  was  cut  into  strips  1  by  1  or  1  by  2  inches  in 
cross  section  and  of  sufficient  length  to  furnish  1  sample  (3  to  10 
inches  long)  for  each  test  category.  Within  a  strip,  samples  were  ran- 
domly distributed  among  treating  categories .   When  a  number  of  categories 
were  used,  the  samples  for  longitudinal  and  lateral  absorptions  were  cut 
from  adjacent  strips.   Usually  10  samples  were  used  for  each  test  category. 

After  seasoning  or  special  handling  to  suit  needs,  samples  were 
strip-piled  on  a  laboratory  shelf  until  they  attained  a  uniform  moisture 
content.   This  varied  from  10  to  Ik   percent  depending  on  season.   Except 
in  special  tests,  therefore,  air-dried  and  kiln-dried  samples  were  treated 
only  after  both  were  at  the  same  moisture  contents . 

Usually  absorptions  were  restricted  to  certain  surfaces,  as  end  or 
lateral.  Non-test  surfaces  were  coated  with  an  oil-  and  water-resistant 
vinyl  chloride  paint  that  effectively  excluded  from  test  the  coated 
surfaces . 

In  most  tests  commercial  preparations  containing  5  percent  penta- 
chlorophenol  in  mineral  spirits  were  used.   Some  contained  the  water 
repellents  being  used  for  the  commercial  treatment  of  sash  and  mill work. 
Some  of  the  water-repellent  solutions  were  of  unknown  properties;  some 
met  Federal  Specification  TT-W-572.  Both  groups  gave  similar  results.  A 
concentrate  of  copper  naphthenate  (8  percent  Cu)  diluted  with  kerosene 
was  also  used. 

Dyes,  DuPont  oil  red  for  oil  solutions  and  aniline  blue  for  water, 
were  added  to  stain  the  treated  wood  for  penetration  measurements .   Ab- 
sorption rates  of  dyed  and  undyed  oil  solutions  were  not  significantly 
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different  but  it  can  only  "be  assumed  that  penetration  of  the  dye  and 
preservative  were  the  same .   Penetrations  were  determined  after  a  week 
or  more  of  open -piled  drying  of  the  treated  wood.   The  samples  were 
split  and  the  limits  of  the  dyed  wood  measured  in  a  longitudinal  and 
radial  direction  in  millimeters .   In  a  few  tests  tangential  measurements 
were  also  taken.  With  water  solutions  the  dye  limits  were  quite  sharp 
and  easily  measured,  but  with  the  oil  solutions  the  dye  varied  from  deep 
red  near  the  surface  through  varying  shades  to  the  straw  color  of  the 
wood.   Thus  measurements  of  oil  penetration  were  subject  to  considerable 
errors  The  absolute  values  for  penetrations  and  comparisons  among  oil 
tests  should  be  taken  with  a  grain  of  salt. 

For  treatment  the  samples  were  placed  in  racks  holding  the  samples 
apart,  and  then  were  immersed  in  about  3  °r  ^   inches  of  solution u  Weights 
to  0  01  gram  were  taken  before  and  after  immersion.  Temperature  of  the 
treating  solution  varied  slightly  between  the  start  and  finish  of  big 
tests.   To  equalize  this  and  other  treating  errors  among  all  categories, 
the  matched  samples  from  1  or  2  strips  were  treated  at  one  time  except  in 
tests  where  special  factors  prevented.  After  immersion,  the  samples  were 
quickly  wiped  with  a  cloth  to  remove  excess  solution  before  weighing. 
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EFFECT  OF  DIFFERENT  FACTORS  ON  ABSORPTION  AND  PENETRATION 


Direction  of  Grain 


It  is  generally  agreed  that  penetration  is  greatest  longitudinally 
(2,  17,  23.?  25,  and  others ) »   The  capillary  structure  of  normal  conifer- 
ous wood"X23_j  consists  of  (a)  the  transient  spaces  around  the  micelles, 
(b)  the  combination  of  tr ache id  cavities,  pit  chambers,  and  pit-membrane 
pores,  and  (c)  resin  ducts  and  rays .  The  transient  cell -wall  capillaries 
are  operative  only  with  water  and  other  liquids  that  swell  wood.   Thus 
they  are  not  important  in  treatment  with  petroleum  oils.  Even  with  water, 
the  transient  cell -wall  capillaries  probably  account  for  a  very  small 
part  of  the  total  effective  capillary  structure  (23) »   In  woods  without 
important  resin  ducts  or  conducting  rays,  the  ratio  of  longitudinal  to 
transverse  penetration  is  the  ratio  of  the  length  to  width  of  the  average 
tracheid  lumen  (23) • 

Tangential  penetration  is  greater  than  radial  in  most  conifers  (19)« 
Bordered  pits  are  usually  much  more  prevalent  on  radial  walls^  thus  facili- 
tating tangential  penetration  more  than  radial. .   Some  springwood  is  more 
resistant  than  summerwood  (17,  25) --a  circumstance  that  again  favors  tan- 
gential, penetration.,  But  pines  have  well -developed  radial  resin  ducts 
that  are  quite  permeable • (17,  19,  20,  2Jj)   Pine  and  spruce  also  have  well- 
developed  ray  tracheids  ->      It  is  probably  for  these  reasons  (i.e.  ray  ducts 
and  ray  tracheids)  that  the  rays  of  pine  and  spruce  are  easily  penetrated 
(25) .  Radial  penetration  in  pine  wood  is  usually  better  than  tangential 
penetration  {VJ_,    25)  . 

Tees  dale  (25)  found  the  following  ratios  of  tangential/radial/, 
longitudinal  penetration  of  southern  pine  heartwood  under  pressure:   Long- 
leaf  l/4/lOO,  shortleaf  1/7/55,  and  loblolly  1/4/80 

Most  of  the  penetration  studies  of  wood  have  been  by  diffusion  or 
pressure -permeability  calculations  (7,  12,  20,  23_,  24)..  Soaking  involves 
a  combination  of  capillary  rise  and  liquid  flow,  as  does  pressure  treatment 
{23)  .   The  same  general  principles  ought  to  apply  to  both  pressure  and  dip 
treatments,  but  rates  and  differences  may  not  be  of  the  same  magnitudes. 
T3ri is  probably  Is  particularly  true  where  treating  depths  are  insufficient 
to  create  appreciable  hydrostatic  pressures  .  Without  external  pressure 
there  is  a  buildup  of  back  pressure  of  air  within  wood,  causing  the  rate 
of  capillary  rise  to  decline  rapidly  (23_) . 

When  the  present  tests  were  made,  very  little  published  information 
was  available  on  the  penetration  of  solutions  by  dips  and  soaics  .   Llndgren 
(13)  found  that  aqueous  solutions  applied  as  10-second  dips  penetrated 
shortleaf  pine  1 .5  to  3.5  mm  transversely  and  5  to  10  mm  longitudinally, 
Hubert  (10)  reported  that  a  1.0-  to  1 5 -minute  dip  in  a  mil Iwork -grade  oil- 
treating  solution  resulted  in  5  inches  of  longitudinal  penetration  in 
sapwood  of  species  that  he  did  not  identify .   Such  penetration  is  not  ob- 
tainable in  uninfected  southern  pine.   Since  the  present  tests  were 
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completed,  Brown  et  al .  (4)  have  reported  carefully  conducted  tests  with 
ponderosa  pine  sapwood.  The  relative  rates  of  penetration  and  absorption 
varied  somewhat  with  different  preservatives  used  in  mineral  spirits,  but 
in  general  penetrations  with  a  10-minute  soak  were:   radial  1.5  to  3  times 
and  longitudinal  20  to  30  times  tangential  in  seasoned  wood. 

The  average  end  and  lateral  absorptions  in  all  tests  are  summarized 
in  table  1.   In  each  test  the  difference  was  highly  significant  statisti- 
cally. 

It  must  be  remembered  that  the  data  in  table  1  are  from  widely 
divergent  tests,  in  terms  of  time,  source  of  wood,  specific  gravity,  season- 
ing condition,  straightness  of  grain,  etc.   Hence  only  the  most  general 
conclusions  can  be  drawn.  The  data  indicate  that  the  ratio  of  end  to  lat- 
eral absorption  is  roughly  10  or  11  to  1,  with  an  indication  that  fungus 
infections  reduce  the  ratio..  For  the  infected  material  the  ratios  in  7  of 
the  9  individual  comparisons  were  less  than  the  matched  uninfected  wood. 
The  ratios  for  5  seconds  were  lower  in  all  5  tests  than  for  the  matched 
3 -minute  samples  .  The  lower  ratio  for  kiln-dried  wood  may  also'  be  real; 
at  least  it  held  in  the  2  matched  comparisons  as  well  as  the  unmatched-  com- 
parisons in  table  1. 

The  data  of  the  3  tests  in  which  the  dimensional  directions  were 
separately  considered  are  summarized  in  table  2.   There  was  reasonably 
close  agreement  in  the  ratios  of  absorptions  through  tangential,  radial, 
and  transverse  sections  and  penetrations  in  radial,  tangential,  and  longi- 
tudinal directions  ,   These  were  respectively:  l/l.'j/ll.'J   and  l/l. 6/11.2. 
Considering  that  the  greatest  differences  were  between  the  two  trials  with 
pentachlorophenol  in  mineral  spirits  without  a  water  repellent,  the  data 
indicate  that  at  most  there  are  but  minor  differences  in  the  ratios  for 
water  and  pentachlorophenol  alone  or  with  a  water  repellent. 

Penetration  in  vertical  resin  ducts  was  usually  several  times  as 
great  as  in  the  adjoining  wood  tracheids »   (Resin-duct  penetration  was 
ignored  in  measuring  penetration  in  mm)   Hie  treating  solution  did  not  pene- 
trate the  parenchymatous  border  of  the  resin  ducts  or  enter  the  tracheids. 
In  a  refractory  batch  of  hot-soaked  7-foot  pine  sapwood  posts,  lateral  and 
end  penetration  was  negligible  except  for  the  resin  ducts,  which  were 
treated  throughout,   It  is  doubted  that  resin  ducts  are  of  much  conse- 
quence in  effective  longitudinal  penetration  of  pine  sapwood  by  dip 
treatment 

The  greater  absorption  in  a  radial  as  compared  to  tangential  direc- 
tion is  probably  due  to  the  resin  ducts  in  fusiform  rays  and  to  the  well- 
developed  ray  tracheids.   Teesdale  (25)  and  Scarth  (20)  reported  that 
creosote  under  pressure  spread  out  longitudinally  from  the  radial  resin 
ducts .  From  the  generally  better  radial  penetration  in  the  current  tests 
one  assumes  that  the  rays  were  important-   As  with  the  vertical  ducts, 
the  ray  ducts  were  penetrated  to  greater  distances  than  the  ray  tracheids, 
but  the  solution  seemed  to  be  confined  to  the  ducts .   It  seems  that  the 
ray  tracheids  are  more  effective  avenues  for  radial  treatment  than  are 
ray  resin  ducts. 
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Table  1. --Average  absorptions  of  water  and  oil  solutions 
through  end  and  lateral  surfaces 


Immersion 
period 


Wood  condition 


Comparisons 


Amount  of  solution 
absorbed  per 
100  sq   cm 


End 


Lateral 


Ratio , 

e/l 


5 

sec . 

Uninfected  sapwood 

3 

min . 

do. 

10 

min . 

do. 

15 

min  • 

do. 

30 

min. 

do. 

60 

min . 

do. 

3 

min. 

Uninfected  heartwood 

3 

min . 

Sapwood 
Uninfected,   kiln-dried 
do.           ,    air-dried 

Uninfected,  oil  alone 
do .     ,  oil  plus 

water  repellent 

Uninfected,  water 

Uninfected,  all 

Infected,  all 


Number 

5 
20 

9 
2 

6 
5 

1 


Grams 


6.2 


Grams 


6.2 

0.8 

7.8 

13  9 

1-3 

10.6 

15  0 

1-7 

8.8 

19-4 

1.8 

10.8 

18 . 6 

2.0 

9.3 

21.1 

2.2 

9  06 

.8 


7-8 


13 

13 .3 

1.4 

9-5 

7 

15.2 

1.2 

12.7 

15 

14.4 

1.4 

10.3 

3 

11  =  5 

1.1 

10.5 

2 

1^.3 

1,4 

10.2 

20 

13-9 

1-3 

10,6 

9 

384 

4.8 

8.0 

Table  2 . - -Relative  absorptions  and  penetrations  in  tangential,  radial, 
and  longitudinal  directions  in  3~mlnule  dips 


Absorption  ratio: 


Solution 


r ad. /tang . / end 
surfaces 


Penetration  ratio 


tang  o /rad . /long 
distances 


Pentachlorophenol  in 
mineral  spirits 
Do. 


1.8**  :  16.7** 


1.4* 


8, 


>*•■* 


1-3 
1.0 


15.6** 
8.9** 


Pentachlorophenol  plus   water 

repellent   in  mineral   spirits 

1 

:   1 

.6** 

:   12 

.5** 

1 

:   1 

.4**: 

10 

•  3** 

Water  plus   aniline  blue 

1 

:   1 

,9** 

:    10 

.8** 

1 

:    3 

.2**: 

12 

.4** 

Geometric  mean 

1 

:    1 

•7 

:   11 

.7 

1 

:    1 

.6      : 

11 

.2 

1/   *  and  **  indicate  values  significantly  greater,  at  the  0O5  and  .01 
level,  than  the  value  for  the  radial  surface  or  tangential  direction 


Variation  among  Boards  and  Trees 


Analyses  of  variance  were  made  of  data  from  seven  tests  to  get 
information  on  differences  in  permeability  among  trees  or  boards  .,   In 
four  of  these  tests,  commercially  kiln-dried  lumber  was  used.   It  was 
not  known  from  how  many  trees  the  boards  came  or  even  whether  all  boards 
in  a  test  were  of  the  same  species  .   In  all  four  cases  a  significant 
amount  of  variance  was  ascribable  to  board  source .  This  applied  to 
boards  from  the  same  mill  as  well  as  from  widely  separated  mills  » 

For  the  fifth  test  samples  were  taken  from  six  longleaf  pine  trees 
which  grew  in  close  proximity.  Samples  from  each  tree  were  dipped  in 
pentachlorophenol ,  pentachlorophenol  plus  a  water  repellent,  and  water. 
No  significant  variance  due  to  tree  source  was  found. 

Samples  for  the  sixth  test  were  taken  from  the  outer  rings  at 
different  heights  in  3  longleaf  pine  trees  from  different  stands  at  the 
Harrison  Experimental  Forest.   There  was  a  significant  difference  in 
permeability  among  the  trees  (table  6,  page  13)  but  not  at  different 
heights   or  among  samples  at  a  given  height . 

In  most  tests,  variance  due  to  board  or  tree  source  was  exceeded 
only  by  that  due  to  infected  vs .  uninfected  and  end  vs .  lateral  surface . 


Radial  Position  in  Sapwood 


Scarth  (20 )  found  boards  of  northern  pine  to  differ  in  permeability 
across  the  grain  and  also  vertically  along  growth  rings  «   Erickson  et  al . 
(7)  found  western  hemlock  sapwood  (2^5  inches  thick)  from  near  the  heart- 
wood  and  near  the  bark  to  be  of  equal  longitudinal  permeability » 

Wood  from  3  boards  of  fast-grown,  radially  sawn  southern  pine  of 
unknown  history  was  cut  into  0. 5-inch  strips  -  The  samples  were  taken  at 
distances  of  0.5  to  2,5  inches  from  the  he ar two od- sapwood  boundary  and  were 
coated  to  exclude  absorption  except  on  the  tangential  surfaces  farthest 
from  the  heartwood =  They  were  dipped  for  3  minutes  in  5  percent  penta- 
chlorophenol without  a  water  repellent  »  The  data  are  presented  in  table  3. 

There  was  no  well-defined  gradient  in  permeability  with  radial 
position  in  the  sapwood.,   However,  near  the  heartwood  there  appeared  to  be 
a  zone  of  sapwood  considerably  less  permeable .  As  separation  of  sapwood 
from  heartwood  was  done  visually,  the  inference  is  that  permeability 
change  precedes  the  color  change  from  sapwood  to  heartwood. 


Springwood  vs .  Summerwood 

It  is  generally  accepted  that  summerwood  treats  better  under  pres- 
sure than  springwood  in  most  species,  or  at  least  allows  a  greater 
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Table  3 . --Effect  of  distance  from  hear two od  on  absorption 


through 

the  tangential  surface  in  a 

3 -minute 

dip 

Distance 

Absorption,  per  100  sq  cm 

Radial  penetration, 

mm 

from 
heartwood 

Board  1 

Bdo  2 

Bd.  3 

Board  1 

Bd .  2 

Bd.  3 

(inches ) 

Loc  .  1 

Loc.  2 

Loc .  1 

Loc.  2 

-  -  -  -  Grams  -  -  - 

-  -  -  - 

•  Millimeters  - 

-  -  - 

0.5 

0.4 

0„9      O.k 

0.6 

1 

+      1 

+ 

10 

2M 

2  2      2,5 

2.3 

k 

k              k 

5 

1-5 

2.2 

2,6     3.4 

3  3 

5 

k              k 

k 

2.0 

2.5 

2.7     3  -5 

3  7 

6 

k              k 

k 

2.5 

2.k 

2.3     3-5 

3-3 

5 

k              6 

5 

penetration  (see  literature  review  in  7)  -  The  springwood  of  rapidly  grown 
southern  pine  reportedly  is  particularly  low  in  penetrability  (26) .   In 
contrast,  pressure-flow  studies  show  that  longitudinal  flow  through  spruce 
sapwood  (20)  and  southern  pine  sapwood  (7)  is  greater  in  springwood  than 
summerwood.   Apparently  quite  different  and  unknown  factors  operate  in  the 
two  types  of  tests.   Even  though  summerwood  is  more  easily  penetrated, 
springwood  has  a  greater  void  volume  and  can  retain  more  preservative . 
Springwood  of  freshly  pressure -treated  southern  pine  sapwood  usually  con- 
tains more  solution  per  unit  volume  of  treated  wood  than  does  summerwood  (_5) 

In  some  of  the  current  tests  longitudinal  penetrations  were  measured 
in  springwood  and  summerwood =   In  the  3  tests  in  which  separate  measurements 
were  taken  the  penetration  in  summerwood  was  usually  double  that  in  spring- 
wood  o  This  applied  to  treatment  with  pentachlorophenol  alone  or  with  a 
water-repellent,  and  also  to  treatment  with  dyed  water  only.   Differences 
were  particularly  marked  in  fast-grown  wood  but  were  small  or  absent  in 
slow-grown  even-textured  wood.   Lateral  penetration  appeared  greatest  when 
summerwood  was  exposed  on  the  surface  of  the  lumber.   In  an  additional  test 
no  difference  was  found  in  penetration  of  summer-  and  springwood  heavily 
infected  with  either  Trichoderma  or  Penicilliunu 

The  over-all  impression  from  the  current  tests  is  that  with  southern 
pine  sapwood  greatest  penetration  with  a  dip  treatment  usually  occurs  in 
the  summerwood.   Fungus  infections  can  obliterate  the  difference,  however, 
and  little  difference  may  occur  between  seasonal  bands  in  fine-grained 
wood  (15  or  more  rings  per  inch). 
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Heartwood  vs  .  Sap wood 


In  most  species  the  heartwood  is  much  more  resistant  to  pressure 
impregnation  (25)  than  is  sap-wood.  To  judge  from  the  results  of  pressure - 
flow  studies  (jj,   the  ratios  of  penetrability  of  sapwood  and  heartwood 
vary  greatly  among  species.   In  recent  tests  with  shortleaf  pine  (2),    dips 
and  cold  soaks  penetrated  sapwood  further  than  heartwood.  Condition  of 
seasoning  and  length  of  immersion  influenced  the  ratio. 

Heart-  and  sapwood  samples  were  cut  from  edge-grained  pine  2-  by-Vs. 
The  transition  zone  was  avoided  but  the  samples  were  essentially  outer 
heartwood  and  inner  sapwood .  The  data  are  summarized  in  table  1*.   In  each 
board  the  heartwood  was  less  absorbent,  both  on  lateral  and  end  surfaces . 
In  both  lateral  and  end  absorptions ,   however,  certain  heartwood  samples 
absorbed  as  much  as  or  more  than  some  unmatched  sapwood  samples .  Appar- 
ently, variability  within  sapwood  or  heartwood  is  sufficiently  great  so  that 
the  two  categories  overlap  in  permeability  rather  than  having  sharp  delimi- 
tations .  Teesdale  (25)  found  that  some  heartwood  samples  treated  under 
pressure  like  sapwood- 

Table  K  <,  -  -Relative  absorption  of  copper  naphthenate  (0.5  percent  Cu)  or  5 
percent  pentachlorophenol  in  kerosene  by  kiln-dried  southern 
pine  sapwood  and  heartwood  in  a  3~m-iim'te   dip 


Eings  per  inch 

Total  absorption 

Absorption,  per  100  sq     cm 

Sap 

Heart 

Sap 

Heart 

End  surfaces 

Lateral  surfaces 

Sap 

Heart 

Sap 

Heart 

m 

jmber 

5 

5 

10 

6 

17 

5 

10 

k 

16 

1 

15 

5 

k 

3 

6 

k 

6 

k 

12 

14 

5 

5 

Grams 


13 
3 
5 
3 
3 


1.3 

1.9 

0  .  0 

. . . 

2.7 
.k 

2.4 

... 

•    •    • 

2-3 

0,8 

0.20 

0,11+ 

.  .  . 

17 

•3 

.17 

.05 

0  •  . 

l.k 

•3 

.11 

.05 

... 

l.k 

•3 

.17 

.08 

.  .  . 

2,0 

1.1* 

.14 

.06 

.  .  . 

l.k 

•3 

.11 

.05 

Average 


i6 


1.7 


1-7 


15 


,07 
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Specific  Gravity 


General  experience  with  pressure  treatments  shows  no  correlation 
between  treatability  and  specific  gravity  among  different  species  (7) • 
Within  a  softwood  species  low-density  samples  often  are  more  difficult 
to  penetrate,  although  density  per  se  may  not  be  the  determining  factor. 
When  pressure-treated  to  refusal,  of  course,  low-density  material  usually 
shows  greater  retentions.  With  dips  and  short-period  soaks,  absorptions 
of  several  oil  solutions  by  ponderosa  pine  sapwood  were  found  to  vary  in- 
versely with  specific  gravity  (4).  This  relationship  held  for  wood  treated 
at  different  moisture  contents.   It  was  also  reflected  in  longitudinal 
penetration,  but  differences  .in  lateral  penetration  were  not  clearly  shown. 

In  the  current  tests  only  a  few  minor  determinations  were  made  of 
the  effect  of  density  on  absorption,  by  southern  pine  sapwood.  The  rela- 
tionships found  in  3  tests  using  3 -minu-te  dips  in  5  percent  pentachloro- 
phenol  are  summarized  in  table  5° 

In  a  fourth  test  samples  were  taken  from  the  outer  1.5  inch  of 
sapwood  of  3  longleaf  pin.es  at  approximately  0,  10,  20,  and  30  feet  above 
ground.   This  automatically  gave  a  series  of  specific  gravities,  because 
in  southern  pine  density  decreases  with  height  in  tree  (l4) . 

The  limited  data  in  table  6  follow,  in  general,  the  trends  demon- 
strated for  ponderosa  pine  (_4),  i.e.  an  inverse  relationship  between 
density  and  absorption.   With  none  of  the  data  is  the  relationship  sta- 
tistically significant.   It  appears  that  in  a  general  dipping  operation 
other  factors  may  mask  the  effect  of  specific  gravity.   In.  fact,  if  low 
specific  gravity  is  accompanied  by  wide  bands  of  springwood  the  sample  may 
have  poor  treating  qualities  because  of  the  low  penetrability  of  springwood. 

Table  5 • ~ -Effect  of  density  of  southern  pine  sapwood  on  absorptions 
of  5  percent  pentachlorophenol  in.  a  light  petroleum 
solvent  applied  as  a  3 "Minute  dip 


Test  and  no.  of  samples 


Test  1 

3  samples 

5  samples 

Test  2 

4  samples 

6  samples 

Test  3 

8  samples 
8  samples 


Specific  gravity 


Range 


Averaee 


Absorption,  per  100  sq  cm 


End  grain 


Lateral  grain 


-----    {jrj 

-ams    ~   - 

0.447  - 
•531!-  - 

.507 
.655 

0.479 
.571 

11.8 

10.9 

0.95 
•93 

.32.3  - 
.423  - 

•395 
.473 

.364 
.442 

15.2 
12.7 

i.4o 
i,4o 

.460  - 
.503  - 

»498 
.577 

.481 
.542 

a   0   « 

1.47 
2.1.2 

12  - 


Table  60 — Height  of  sample  blocks  in  tree,  as  related  to  absorption 

and  penetration  of  5  percent  pentachlorophenol  in  mineral 
spirits  by  longleaf  pine  sapwood  1/ 


Tree 
number 


Height 

in 

tree 


Specific 
gravity 


Rings 

from 

pith 


Absorption,  per  100  sq.  cm 


End 


Lateral 


Feet 


Grams 


Penetration 


End 


Lateral 


Millimeters 


1 

0        0.617 

18 

8,-37 

0  84 

27-9 

2.8 

10           . 570 

17 

9.13 

.99 

31.4 

3  1 

20               .533 

12 

8.97 

•99 

29.3 

3-1 

30               .  512 

10 

8.79 

1.02 

29.I 

35 

2 

0          .609 

18 

8.63 

•91 

27.1 

3-6 

10          .530 

17 

8,08 

■65 

29.3 

2.2 

20               .490 

11 

8.93 

.65 

29.6 

2.0 

30               .455 

9 

8.46 

.76 

30.5 

2-5 

3 

0           .704 

18 

7-13 

>73 

23.8 

1-9 

10           .677 

16 

6.87 

.70 

26.5 

2  =  6 

20               0  596 

12 

7-35 

.81 

23.0 

2.2 

30               .537 

9 

7.38 

.82 

24.5 

1=7 

1/ 

Each  figure   is   an 

average 

of  4  trials  = 

Air -Dried  vs .  Kiln -Dried  Wood 


Kiln-drying  pine  wood  causes  resinous  extractives  to  accumulate 
near  the  surface  (ll) =  This  accumulation  probably  reduces  the  capillary 
cross -sectional  area,  Kilning  also  tends  to  increase  pit  aspiration  (8), 
which  would  lower  permeability.  Canadian  workers  (24)  reported  that  tem- 
peratures above  70  C  or  intense  drying  of  wood  causes  a  permanent  increase 
in  permeability.  This  is  the  reverse  of  what  one  would  expect  in  the 
light  of  the  investigations  referred  to  above  (8,  11 ) .   It  is  conceivable 
that  kilning  temperatures,  with  concomitant  uneven  drying,  open  minute 
checks  in  the  cell  walls  and  that  these  may  act  as  new  capillary  passages 
that  more  than  offset  any  hindering  effects  „ 

In  two  tests  matched  air-dried  and  kiln-dried  samples  were  compared. 
Kilning  was  more  severe  (75°  C  in  a  forced-draft  oven)  than  in  commercial 
lumber  practice.  The  data  are  summarized  in  table  7" 

In  general,  kiln-drying  increased  the  absorption  and  penetration  of 
the  oil  solution,   The  reverse  was  true  when  water  was  used.   Perhaps  the 
resin  rearrangements  associated  with  kiln  drying  had  more  effect  on  the 
capillary  attraction  of  water  than  oil = 
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An  offshoot  of  one  test  had  a  bearing  on  the  possible  effects  of 
resin  deposits  on  absorption  and  penetration,  The  end  surfaces  of  freshly 
felled  southern  pine  ooze  oleoresin,  which,  on  drying,  forms  a  pitch  en- 
crustation. Four  samples  with  heavily  pitched  ends  were  saved..  When 
fully  dried  one  end  was  sawed  off  so  that  each  sample  had  one  fresh  and 
one  pitched  end.  The  lateral  surfaces  were  coated  and  the  samples  im- 
mersed in  5  percent  pentachlorophenol  in  a  light  solvent  for  3  minutes . 
The  following  penetrations  were  secured: 


Sample 


Pitched  end 


Fresh  end 


1 
2 

3 
k 


Trace  Complete  for  7  nmi>  streaks  to  30 

Spotty,  0-15  mm  Complete  for  5  mm,  streaks  to  20 

do .  Do . 

Mostly  0,  streaks  to  20  mm  Complete  for  8  mm,  streaks  to  h-0 


Wood  Moisture  Content 


Recent  studies  (h)   have  shown  that  absorption  and  penetration  of  oil 
solutions  by  ponderosa  pine  sapwood  are  inversely  proportional  to  the  mois- 
ture content,  both  above  and  below  fiber  saturation-   The  moisture  contents 
tested  were  0,  12,  25,  3  5;  and  50  percent  of  the  oven-dry  weight.   The 
effect  of  moisture  contents  below  fiber  saturation  was  small  on  lateral 
penetration  (k,    22) . 

In  two  tests  in  the  current  series,  the  same  relationships  held  for 
southern  pine  sapwood. 

In  one  test,  samples  were  cut  from  one  sapwood  board  from  each  of 
five  longleaf  pine  trees  and  kiln-dried  at  70°  C   Matched  groups  were  con- 
ditioned over  salt  solutions  until  equilibrium  moisture  contents  of  12,  l6, 
and  25  percent  were  reached.   Half  the  conditioned  samples  were  end-coated 
and  half  side-coated  with  vinyl  chloride. 

The  samples  were  dipped  for  3  minutes  in  5  percent  pentachloro- 
phenol plus  a  water  repellent  in  mineral  spirits  .   The  results  are  given 
in  table  8.   All  the  differences  except  that  between  1.6  percent  and  25  per- 
cent for  end  absorption  are  significant  at  the  5-percent  level. 

In  the  second  test,  all  samples  came  from  lumber  cut  from  one  long- 
leaf  pine  tree.   The  lumber  was  surfaced  green  and  seasoned  as  follows: 
(a)  immediately  kiln-dried  at  70°  C,  (b)  dipped  in  a  stain-control  solu- 
tion and  partially  air  seasoned,  and  (c)  treated  as  in  (b)  but  fully 
air-dried.   When  at  the  desired  moisture  contents,  the  samples  were  made 
into  boxes  nominally  3  x  8  x  12  inches  (30).   A  fourth  group  of  samples 
was  treated  green-  Ten  boxes  of  each  moisture  group  were  given  a 
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3 -minute  dip  in  4-percent  sodium  pentachlorophenate  plus  k  percent  borax 
in  water  and  ten  in  5  percent  pentachlorophenol  in  mineral  spirits .  The 
results  are  summarized  in  table  9 • 


Table  6 ..--Absorption  of  5-percent  pentachlorophenol  plus  a  water 

repellent  by  pine  sapwood  at  different  moisture  contents 
below  fiber  saturation  during  a  3 -minute  dip 


Moisture  content 
when  treated 

(percent) 


Absorption,  per  100  sq  cm 


Through  lateral  surfaces   Through  end  surfaces 


Grams 


12 
16 
25 


0ol5 

.Ik 
=13 


1=72 

1.59 
1.54 


Table  9° — Effect  of  moisture  content  of  pine  sapwood  on  absorption  of  5 
percent  pentachlorophenol  in  mineral  spirits  and  k   percent 
sodium  pentachlorophenate  plus  k   percent  borax  in  water 


Type  of  seasoning 

Moisture  content 

Absorption  per  box 

Oil 

Water 

Unseasoned,  green 
Partially  air-dried 
Fully  air-dried 
Kiln- dried 


Percent 

-   -   - 

-  Grams 

-  - 

110 

16 

31 

1/  kl 

72 

67 

Ik 

106 

87 

9 

101 

93 

l/  With  a  moisture  gradient  from  outside  (30  percent)  to  inside 
(65  percent). 


Rough  vs  .,  Dressed  Lumber 


In  a  small  laboratory  test  with  sapstain-control  chemical  solutions, 
rough  samples  removed  1.8  times  as  much  solution  from  the  vat  as  did  planed 
samples  (29 ) .   Presumably,  the  roughened  surface  held  more  liquid  on  the 
surface  and  part  of  this  later  penetrated  deeper,  thus  influencing  degree 
of  stain  control  in  rough  and  planed  lumber  (29)= 
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In  one  test,  10  pairs  of  matched  samples  from  7  boards  were  dipped 
for  3  minutes  in  5  percent  pentacblorophenol  in  mineral  spirits .  Each 
pair  consisted  of  a  rough  and  planed  sample   After  being  dipped  the  sam- 
ples were  drained  but  not  wiped  before  reweighing.  The  absorptions  were: 

Rough  2o80  grams  per  100  square  cm 

Planed  I.69  grams  per  100  square  cm 

The  difference,  1=11  +  .l6l,  is  highly  significant  and  approxi- 
mately of  the  same  magnitude  (1.7  as  compared  to  1.8  times)  as  for  the 
water  solutions  (29)  ■ 


Fungus  Infections 

With  the  possible  exception  of  stain  developing  in  the  living  tree, 
it  has  been  generally  accepted  that  fungus  stains  increase  the  permeabil- 
ity of  wood  to  liquids  (l6  and  literature  cited  therein).   Lindgren  and 
Scheffer  (l6)  found  that,  for  water  absorptions  during  a  30-minute  im- 
mersion, the  ratio  of  stained  to  unstained  pine  was  1.2  to  1.7  for 
different  staining  fungi.  Larger  ratios  (2=1  to  2.5)  resulted  from  hot 
and  cold  bath  or  pressure  treatments  with  creosote. 

There  is  much  less  information  on  the  effect  of  decay  on  permea- 
bility.  Scheffer  (2l)  found  that  sweetgum  with  10  percent  or  more  loss  in 
specific  gravity  induced  by  Polyporus  versicolor  had  a  slightly  lower  fiber 
saturation  point,  a  greater  water  absorption  rate,  and  a  greater  evapora- 
tion rate . 

Lindgren  has  recently  found  (15.)  that  the  mold  Trichoderma  viride 
is  particularly  effective  in  increasing  permeability  to  water  and  oil 

Blew  (2_)  showed  that  in  the  cold-soaking  process  the  degree  of 
general  fungus  infection  markedly  affects  absorption  by  southern  pine 
posts . 

In  the  current  tests  five  were  on  the  effects  of  fungus  infections . 
All  samples  were  fresh,  green  southern  pine  sapwood  treated  and  seasoned 
in  different  ways  to  secure  the  desired  infections. 

Natural  infections  were  secured  in  three  tests  by  using  the  fol- 
lowing treatments : 

(1)  Dipped  in  2  to  k   percent  sodium  fluoride  to  induce  heavy 
growth  of  Trichoderma  viride  (l_5,  27) . 

(2)  Dipped  in  0.01 5  percent  ethyl  mercuric  phosphate  to  in- 
duce heavy  growth  of  Penicillium  (27) ° 
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(3)  Dipped  in  a  double  strength  stain-control  chemical  to  prevent 
all  but  small  amounts  of  fungus  infections . 

The  treated  samples  were  placed  in  miniature  enclosed  seasoning  piles  (29) 
and  progressively  opened  to  aeration  until  seasoned.   All  final  preserva- 
tive treating  was  done  at  uniform  moisture  contents  of  12  to  Ik   percent. 

For  the  fourth  test,  similar  wood  was  used  but  the  matched  green 
blocks  were  surface-sterilized  in  boiling  water,  placed  in  sterile  glass 
jars,  and  inoculated  with  pure  cultures  of  Ceratocystis  ips,  Trie ho derma 
viride,  or  Lenzites  saepiaria  (representative  stain,  mold,  and  decay  fungi) 
Different  incubation  periods  were  used  to  give  samples  with  high  and  low 
levels  of  attack,  The  blocks  were  finally  air-dried  to  Ik   percent  moisture 
before  preservative  treatment. 

For  test  five,  only  Trichoderma -molded  wood  was  used.   Five-inch 
long  sections  from  10  molded  fence  posts  were  split  in  half.   One  piece 
from  each  post  was  used  for  absorption  by  a  radial  surface,  the  other  by  a 
tangential  surface . 

Tables  10-1 3  summarize  absorptions  and  penetrations . 


Tabl e  10.- -Effects  of  mold  (Trichoderma)  and  stain  on  absorption  and 

penetration  of  5  percent  pentachlorophenol  in  mineral  spirits 
by  pine  sapwood  during  a  3 "Minute  dip  (Test  l) 


Molded 


Stained 


Uninfected 


Percent  of  area  stained 

Mold  rating  (0=none  to  5=very  heavy)   2.6 


Absorption  in  grams  per  sample 
Through  all  surfaces 
Through  lateral  surfaces 


1/ 


Penetration  in  mm 

Through  lateral  surfaces 
Through  end  surfaces 


race 

27 

Trace 

2.6 

3.0 

0 

53-^ 
50-3 

32. k 
37.6 

8-5 
6.2 

10  + 
10  + 

7  + 
60  + 

l.k 

5-7 

1/   +  after  a  figure  indicates  that  some  or  all  samples  were  completely 
penetrated. 
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Table  11 . - -Effects  of  mold  (Trie ho derma)  and  stain  on  absorption  and  pene- 
tration of  5  percent  pentachlorophenol  In  mineral  spirits  and 
of  water  by  pine  sapvood  during  3 -minute  dips  (Test  2) 


Molded 


Stained 


Uninfected 


Percent  of  area  stained 

Mold  rating  (0  to  5) 

Absorption,  grams  per  100  sq  cm 
Oil --through  lateral  surfaces 
--through  end  surfaces 
Water --through  lateral  surfaces 
--through  end  surfaces 

Penetration  in  mm  — ' 

Oil --through  lateral  surfaces 
--through  end  surfaces 
Water --through  lateral  surfaces 
--through  end  surfaces 


Trace 

69 

Trace 

3-0 

0 

0 

6.2 
H-5 

35-0 

2.0 
20.9 

2.0 
19-7 

l.k 

18.6 

1.6 

16.3 

12  + 

87  + 

3-9 

21.6 

6  + 
52.6 

8.6 

3*3 

53-5 

.6 

8.0 

l/  +  indicates  that  some  samples  were  completely  penetrated. 

Table  12. --Effect  of  the  molds  Trichoderma  and  Penicillium  on  absorption 
and  penetration  of  5  percent  pentachlorophenol  in  mineral 
spirits  applied  as  a  3~minute  d-ip  an^-  of  water  applied  as 
a~10-minute  soak,  by  pine  sapwood  (Test  3) 


Penicillium 


Trichoderma 


Uninfected 


Percent  of  area  stained 

Mold  rating  (0  to  5) 

Absorptions,  grams  per  100  sq  cm 
Oil --through  lateral  surfaces 
--through  end  surfaces 
Water --through  lateral  surfaces 
--through  end  surfaces 

Penetration  in  mm  — ' 

Oil --through  lateral  surfaces 
--through  end  surfaces 
Water- -through  lateral  surfaces 
--through  end  surfaces 


0„2 

2.6 

0 

3-5 

k.o 

0 

1=9 

28.5 

3-9 

in  .9 

5-7 
36.7 

9-1 
66.3 

1.6 
15.2 

2.9 
22.3 

^7 

60  + 

2.5 
14.7 

9  + 
60  + 

21.3 

lj-.O 

14-7.1 

2.3 
9.1 

l/  +  indicates  that  some  samples  were  completely  penetrated. 
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Table  13 °- -Effects  of  level  of  infection  by  stain  (Ceratocystis  ips),  mold 
"(Trichoderma),  and  decay  (Lenzites  saepiaria)  on  the  absorption 
and  penetration  of  5  percent  pentachlorophenol  in  mineral 
spirits  by  pine  sapwood  during  a  3~minute  dip  (Test  h) 


Stain 

Mold 

Decay 

Unin- 

Light Heavy 

Light  Heavy 

Light  Heavy 

fected 

Percent  of  area  stained 

35    9h 

0 

0 

0 

0 

0 

Mold  rating  (0  to  5) 

Trace  Trace 

1  ,2 

2.8 

Trace 

0 

0 

Absorption, 

grams  per  100  sq  cm 

Through  lateral  surfaces 

2.5    2.6 

2-5 

*.5 

2.5 

11=9 

1 

Through  end  surfaces 

35-5   36.0 

kj.k 

85,6 

35-0 

81.7 

23 

y 


Penetration  in  mm 
Through  lateral  surfaces 
Through  end  surfaces 


5  +   10  +   8  +   10  + 
39  +   39  +  39  +   39  + 


9  +   11  +   3-7 
39  +   39  +   39  + 


l/     +   indicates  that  some  samples  were  completely  penetrated  (12  mm  lateral 
and  39  mm  longitudinal). 


All  infections  increased  the  absorption  rate  and,  in  most  cases,  the 
depth  of  penetration.  This  applied  to  both  water  and  oil  treatments.  The 
effects  of  the  different  types  of  infection  agree  well  with  the  known  effects 
of  the  fungi  on  wood  structure : 

Molds .--Tricho derma  viride,  which  grows  more  luxuriantly  on  pine  sap- 
wood  than  any  other  common  mold,  markedly  increased  permeability »   In  test 
5  the  ratio  of  radial  to  tangential  penetration  was  2. 8- -significantly 
greater  than  the  average  for  untreated  wood  (ratio  1.6)  as  given  in  table  2. 
Apparently  the  effect  of  Trichoderma  on  permeability  is  greater  in  the  radial 
than  the  tangential  direction.  This  is  probably  due  to  the  pronounced  break- 
down of  ray  tissue  by  Trichoderma  (l5)j  which  would  facilitate  radial  more 
than  lateral  penetration.. 

Penicillium  induced  by  mercury  treatment  grew  less  luxuriantly  than 
Trichoderma  and  caused  no  obvious  breakdown  of  ray  tissue.   It  had  a  less 
marked  effect  on  permeability. 

The  increased  end  absorption  associated  with  mold  and  stain  infec- 
tions is  presumably  due  to  enlargement  of  the  pit-membrane  capillaries  by 
the  fungi . 

Stain . - -Except  for  the  inoculated  samples,  the  stain  encountered  in 
these  tests  was  caused  by  Ceratocystis  pilifera.   In  general,  stain  fungi 
in  coniferous  woods  are  more  restricted  to  the  rays  than  are  molds  and 
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decay  fungi  .  Stainers  do  not  cause  as  complete  ray  breakdown  as  does 
Trichoderma.  The  data  on  absorptions  and  penetrations  of  stained  wood 
bear  out  these  contentions.  The  stained  samples,  even  when  deeply  pene- 
trated, were  not  dyed  as  intensely  by  the  treating  solutions  as  was  the 
Trichoderma -molded  woodo 

In  most  discussions  of  the  effects  of  stain  on  permeability  of 
wood  a  reservation  is  made  that  stain  developing  in  dying  trees  follow- 
ing beetle  attack  may  not  increase  permeability.  Nelson  (l8)  reported 
that  stain  of  the  type  associated  with  beetle  attack  in  living  shortleaf 
pine  trees  caused  stoppage  of  water  conduction.  Furthermore  it  was 
found  that  dyes  would  not  pass  through  stained  zones  „   During  the  present 
studies  a  few  samples  were  collected  from  pines  freshly  killed  by  beetles „ 
The  samples  included  wood  infected  with  Ceratocystis  ips,  associated  with 
Ips  beetle  attack,  and  with  C .  pini,  associated  with  Dendroc tonus  beetle 
attack o  All  the  wood  was  readily  penetrated  with  oil  solutions  after  air 
drying o  All  isolations  attempted  from  stained  wood  from  beetle-killed 
trees  yielded  Trichoderma  viride -  Nelson  (l8)  also  found  this  mold  com- 
monly associated  with  beetle  attack. 

Nelson's  data  on  occlusion  were  based  on  wood  stained  by  artificial 
inoculation  and  not  by  beetles-  Apparently,  the  stain  occurring  in  beetle- 
killed  trees  is  also  commonly  accompanied  by  the  mold  Trichoderma  and,  at 
least  after  seasoning,  the  wood  is  readily  permeable  to  preservatives . 

Decay .--Incipient  infections  by  Lenzites  saepiaria  increased  ab- 
sorption rates  in  about  the  same  proportion  as  did  stain.  However, 
visible,  but  not  advanced,  decay  increased  absorptions  as  much  as  or  more 
than  did  Trichoderma .   Decay  fungi,  in  addition  to  enlarging  pit-membrane 
capillaries,  also  bore  directly  through  cell  walls,  thus  creating  entirely 
new  capillaries  .  The  decay  fungus  used  in  these  tests  makes  large  holes 
through  cell  walls  and  may  have  increased  permeability  more  than  some 
other  decayers  would  have.   In  a  practical  sense,  the  big  effects  of  decay 
beyond  the  incipient  stage  are  lessened  by  the  slow  growth  of  these  fungi  - 
Advanced  decay  is  seldom  encountered  in  wood  being  treated,  except  for 
localized  pockets . 


Length  of  Immersion 

In  pressure-treating,  the  rates  of  penetration  and  absorption  de- 
crease parabolically  with  time  (9) •  With  cold  soaking  treatments  in  which 
no  artificial  external  pressure  and  little  hydrostatic  pressure  are  opera- 
tive, the  build-up  of  back  pressure  should  be  particularly  effective  in 
decreasing  the  rate  of  absorption  with  length  of  immersion.   Initial  ab- 
sorptions with  dip  and  cold  soak  treatments  of  dry  wood  are  high  (h_,    6), 
probably  because  of  the  initial  unrestricted  capillary  action  (23) ■   After 
this  initial  spurt  the  rate  of  absorption  falls  off  rapidly  with  increased 
immersion  time. 
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In  the  current  tests,  the  relationship  of  absorption  and  length  of 
immersion  was  determined  for  lateral  and  longitudinal  penetration  in  6 
tests  using  kiln-dried  southern  pine  sapwoodo  The  data  are  summarized  in 
table  ll*. 

When  these  data  are  plotted  on  logarithmic  paper,  the  absorptions 
for  immersions  longer  than  5  seconds  fall  approximately  in  a  straight  line. 
The  average  curves  for  the  data  from  all  tests  fit  the  following  exponen- 
tial equations: 

Log  Lateral  Absorption  =  -O.38  +  0.19  log  immersion  in  seconds 

Log  End  Absorption     =  0.6^  +  0..18  log  immersion  in  seconds 

The  second  terms  of  these  equations,  indicating  slope  of  curve,  show 
that  lateral  and  end  absorptions  have  the  same  relationship  to  length  of 
immersion  and  differ  only  in  the  relative  amount  of  absorption,  the  end  ab- 
sorption being  about  10  times  the  lateral  per  unit  area. 

In  two  tests  the  combined  absorptions  of  lateral  and  end  surfaces 
were  secured  by  using  uncoated  test  blocks .  The  slopes  of  the  curves  are 
flatter  (0.11  and  0.1^  log  immersion  time)  than  for  lateral  or  end  absorp- 
tions alone  (0.l6  to  0.25  log  immersion  time)  .  These  flatter  curves  might 
be  due  to  differences  in  the  rate  of  build-up  of  back  pressure  or  other 
physical  phenomena  accompanying  simultaneous  penetration  from  both  ends  and 
sides o  This  difference  was  further  shown  in  one  test  with  matched  groups 
having  (l)  ends  sealed,  (2)  sides  sealed,  and  (3)  no  surfaces  sealed.  The 
sum  of  the  absorptions  through  the  ends  and  the  sides  was  considerably 
greater  than  through  both  simultaneously: 


Treatment Absorption,  in  grams  per  block 

End-coated  17 .1 

Side-coated  17.9 

Uncoated  22.1+ 

It  is  expected  that  such  effects  would  decrease  as  the  size  of  the 
test  block  increased  and  probably  would  be  negligible  in  full-sized  lumber 

In  two  tests  penetrations  were  also  determined  for  different  immer- 
sion periods .   Because  of  the  small  lateral  penetration  and  the  difficulty 
in  measuring  it  accurately,  only  end  penetrations  were  considered.  The 
following  equations  were  determined  for  the  average  exponential  curves  of 
the  data: 

Log  End  Absorption  =  O.58  +  0.22  log  immersion  in  seconds 

Log  End  Penetration  =  1.01  +  0.21  log  immersion  in  seconds 
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These  data  indicate  a  near  linear  relationship  "between  rates  of 
absorption  and  average  penetration,  at  least  so  long  as  no  disturbing 
elements  such  as  fungus  infections  are  involved  - 

Field  exposure  tests  (28)  have  shown  that  with  3 -minute  dips  im- 
portant decay  starts  to  appear  in  above-ground  exposure  in  5  years,  while 
with  dips  of  15  minutes  or  longer  no  decay  appeared  in  Ik   years'  exposure 
with  the  better  treating  solutions.   With  3-minute  and  15-minute  immer- 
sions the  absorptions  are  approximately  l/2  and  3/^ respectively,  of  that 
occurring  with  1  hour's  immersion.   However,  short-period  cold-soak  treat- 
ments give  only  marginal  protection,  particularly  on  lateral  surfaces. 
The  safest  recommendation  for  protection  against  decay  remains :   use  as 
long  immersion  periods  as  are  feasible  >   Effectiveness  of  water  repellents 
in  turning  rainwater,  however,  is  not  increased  by  immersions  over  3  minutes 
and  possibly  not  over  15  seconds  (30)« 


Preservative  With  and  Without  Moisture  Repellent 

Hubert  (10)  states  that  the  addition  of  moisture -repellent  oils  and 
waxes  in  any  appreciable  amount  tends  to  retard  penetration  and  absorption  - 
The  type  of  repellent  also  probably  influences  the  amount  of  retardation. 
In  Forest  Service  field  tests  (28),  it  was  found  that  the  samples  absorbed 
only  .53  "to  .91  as  much  pentachlorophenol  plus  a  water  repellent  as  they 
did  of  the  straight  preservative . 

Comparisons  of  pentachlorophenol  and  pentachlorophenol  plus  a  water 
repellent  were  secured  in  several  tests  (table  15)- 

The  data  indicate  that  the  addition  of  a  moisture  repellent  reduced 
absorption  but  the  extent  of  interference  was  less  than  previously  reported 
(28),  even  though  the  same  solutions  were  used.   The  difference  in  penetra- 
tion was  more  pronounced  than  that  in  absorption-   In  every  case  the  mois- 
ture-repellent solution  penetrated  less  laterally  and  longitudinally.   The 
differences  in  absorptions  are  partly  masked  by  the  somewhat  higher  specific 
gravity  of  the  water-repellent  solutions . 


Retreatment  of  Previously  Treated  Wood 


Information  on  the  effect  of  previously  applied  oil -carried  preser- 
vatives on  subsequent  oil  penetration  was  secured  in  three  tests . 

In  one  test,  kiln-dried  samples  were  immersed  for  3  minutes  in  dyed 
solutions  of  pentachlorophenol  alone  or  with  water  repellents .   Three 
weeks  later,  after  much  of  the  solvent  had  evaporated,  the  samples  were  re- 
dipped  in  the  solutions .   Because  dyed  solutions  were  used  throughout, 
penetrations  on  retreatment  could  not  be  measured. 
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Table  13 ---Absorptions  by  pine  sapwood  of  pentachlorophenol  and  of  penta- 
chlorophenol  plus  a  water  repellent  in  mineral  spirits 


ABSORPTION 

PER  100  GRAMS 

Immersion 

Lateral  surfaces 

End  surfaces 

Total  absorption 

period 
(minutes ) 

Pentachlo-j  Water 
rophenol  j repellent 

Pentachlo- 
rophenol 

Water 
repellent 

PentacMo-     Water 
rophenol     repellent 

3 

10 

3 

3 

10 

10 

30 
5 
3 


Grams 


1.3  * 

1.1 

12.0  * 

9-6 

1-5 

1.4 

14.2 

12.1 

1.7  * 

1.4 

1.7  * 

1.4 

15.1  * 

12.9 

2.5  * 

1-9 

20.8 

19.7 

1.6  * 

1-3 

13  -4  * 

10.1 

3.9 

4.2 


3-3 
4.2 


2.6  * 


3 

3 

10 

10 

30 

5 


3.0  * 

3.1  * 
1.8 

4.2  * 
k.k  * 
4.6  * 


2.4 

2=3 

1-7 
2.3 
2-5 
2-3 


34  * 
22 


PENETRATION 
Millimeters 

25 
19 


30  25 
45  *  36 
29  *      23 


*  Significantly  greater  at   5-percent  level  or  better. 
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The  second  test  was  similar  except  that  10-minute  immersions  were 
used  and  the  samples  to  be  retreated  were  originally  dipped  in  undyed 
solutions .  All  retreatment  was  with  dyed  solutions . 

The  third  test  was  similar  to  the  second,  except  that  the  original 
treatment  was  a  3 -minute  immersion  and  the  retreatment  a  10-minute  soak, 
and  the  interval  between  treatments  was  8  months . 

The  results  of  all  3  tests  are  given  in  table  l6o  Wood  treated  with 
either  pentachlorophenol  or  pentachlorophenol  plus  a  water  repellent  resist- 
ed subsequent  retreatment  for  a  few  weeks .  Retreatment  after  8  months 
showed  that  only  those  samples  previously  treated  with  the  water-repellent 
solution  were  resistant  and  even  with  them  the  degree  of  resistance  was  not 
great . 

It  would  seem  that  the  best  treatment  would  result  from  getting  the 
best  absorptions  and  penetrations  possible  on  the  initial  treatment  rather 
than  rely  on  a  cheaper  initial  treatment  followed  by  subsequent  retreat- 
men  ts  .  With  brush  treatments ,  it  would  appear  that  the  complete  treatment 
should  be  accomplished  without  drying  between  coats . 

When  retreatments  seem  desirable  and  painted  surfaces  are  involved, 
retreatment  should  be  delayed  until  the  paint  film  is  well  weathered. 
Some  informal  tests  indicated  that  paint  films  (TT-P-^-O)  remain  quite  im- 
pervious to  oil  solutions  until  sufficiently  weathered  to  show  the  wood 
grain  through  the  film. 


Air  Temperatures 


As  far  as  wood  to  be  painted  is  concerned,  it  is  unlikely  that  oil 
carriers  heavier  than  kerosene  will  be  used.   Also,  brush,  dip,  and  short- 
period  soak  applications  will  be  made  at  air  temperatures .  With  light 
oils  there  will  probably  be  little  change  in  viscosity  with  varying  weather 
conditions  and  little  direct  effect  on  absorptions  and  penetrations .  Never- 
theless, three  tests  were  designed  to  determine  the  direct  and  possibly  in- 
direct effects  of  prevailing  temperatures  in  the  Gulf  Coast  area. 

In  the  first  test,  pine  sapwood  was  given  5-second  and  3 -minute  dips 
in  5  percent  pentachlorophenol  in  kerosene .   One  group  of  samples  and  the 
treating  solution  were  refrigerated  for  2  hours  and  the  other  group  stored 
at  room  temperature  (88  P)  before  dipping.  Absorptions  were: 

Absorptions  per  sample 
Immersion  time 


50-5^°  F 

88°  F 

Difference 

1-95 
2.26 

5  seconds 
3  mirfutes 

1.^5 
1.90 

0.50+0.3}+ 
.36  ±     .06  ** 

**  Significant  at  1 -percent  level 


26 


Table  l6.- -Effects  of  dips  and  soaks  in  5  percent  pentachlorophenol 
and  5  percent  pentachlorophenol  plus  water  repellents 
in  mineral  spirits  on  absorptions  and  penetrations 
with  subsequent  dips  and  soaks 


ABSORPTION  PER  100  GRAMS 


Lateral  surfaces 

End  surfaces 

Original  and  retreating 
periods  and  original 

Original 
treatment 

Re treatment 
with 

Original 
treatment 

Retreatment 
with 

treating  solution 

Pent. 

Pent-  and 

water 
repellent 

Pent. 

Pent .  and 

water 
repellent 

Grams 


3  minutes  +  3  minutes 

Pentachlorophenol 
Pentachlorophenol 
plus  water  repellent 

l.k 
1.1 

0-5 
•5 

O.k 
.k 

11.6 

9-5 

2-5 

1-7 

2.6 
1.5 

10  minutes  +  10  minutes 

Pentachlorophenol 
Pentachlorophenol 
plus  water  repellent 

1.8 
1.5 

•3 
•3 

•3 
•3 

13.8 

2-3 

1-9 

2-3 
1.7 

3  minutes  +  10  minutes 

Pentachlorophenol 
Pentachlorophenol 
plus  water  repellent 

2.W 

2.1^ 

1/ 
2.3 

l.2i/ 

•  «  • 

PENETRATION 
Millimeters  -  - 

10  minutes  +  10  minutes 

Pentachlorophenol 
Pentachlorophejiol 
plus  water  repellent 

k.2 

2-3 

1.2 

.8 

1.2 

•7 

29.6 

24.8 

6.8 

3.8 

6s  k 

3-1 

3  minutes  +  10  minutes 

Pentachlorophenol 
Pentachlorophenol 
plus  water  repellent 

8.3 
2-3 

7-6 
3-9 

36.0 
15.0 

30.7 
6.9 

.  0 . 

l/  Total  absorptions,  grams  per  sample 
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In  the  refrigerated  group  the  wood  probably  had  a  higher  tempera- 
ture than  the  solution.   This  would  give  the  effect  of  a  mild  hot  and 
cold  bath,  and  would  thus  increase  absorption.   With  the  5-second  dip  the 
sample-to-sample  variability  was  too  great  for  a  significant  difference 
between  the  groups . 

Again,  one  matched  group  of  pine  sapwood  samples  was  dipped  for 
3  minutes  in  5  percent  pentachlorophenol  in  kerosene  during  December, 
when  the  air  temperature  was  48°  F.   The  other  group  was  dipped  in  May, 
when  the  air  temperature  was  77°  F.   On  both  occasions  samples  were  dipped 
after  3  or  4  days  of  fairly  constant  temperatures.   Absorptions  were: 

At  48°  F.    428  grams 

At  77°  F.   4.11  grams 

Difference  0.17  +0.13  (not  significant) 

Finally,  one  set  of  pine  sapwood  samples  was  wrapped  in  moisture- 
proof  paper  and  refrigerated  at  40°  F,  along  with  sufficient  dipping 
solution  (5  percent  pentachlorophenol  in  kerosene),  for  30  days.  The 
other  set  was  stored  in  the  laboratory.   Both  were  dipped  during  warm 
weather  (77°  F).   The  absorptions  (per  100  square  centimeters)  secured 
were  with  3~minu'te  dips: 


Absorbing 
surface 


77°  F  40°  F  Difference  i/ 


Grams 


Lateral  1  43  1.29  0.14  +   .12 

End  13.80  13-49  .31+1.  .15 

l/  Not  significant  in  either  case. 

The  tests  bear  out  the  contention  that  the  normal  treating  tempera- 
tures likely  to  be  encountered  in  the  South  will  have  little  effect  on 
treatment  through  changes  in  viscosity  of  treating  solutions  in  which 
kerosene  and  -mineral,  spirits  are  used  as  carriers .  However,  the  tests  in- 
dicate that  the  lower  heat  conductivity  of  the  wood  as  compared  to  the 
treating  solution  can  appreciably  affect  absorption  when  temperatures 
fluctuate   With  a  falling  temperature,  the  temperature  of  the  wood  may  be 
higher  than  that  of  the  solution,  resulting  in  a  mild  hot-and-cold  bath 
effect  and  resultant  increased  absorptions.  With  a  rising  temperature, 
the  effect  would  presumably  be  reversed. 
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